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To  r^uluate  the  ade^Et&cy  and  suitability  of  the  Yuaa  I^xnrihg 
C^'oond  (iiKUuding  the  Saai  Hills)  as  &  test  site  representative  of 
vorld  desert  conditions,  it  is  necessary  to  detersine  the  extent  of 
occurrence  of  fasa  terrain  types  in  other  vorM  desert  areas  (includ¬ 
ing  the  Middle  East  desert  (MS)).  In  order  that  valid  coosparlsons 
nay  be  tsade,  a  unifom  systee  of  describing,  napping,  and  ccaparing 
desert  terrain  oust  be  esployed. 

In  this  report  both  the  'finaa  Ibroving  Ground  and  the  MED  are 
napped  in  terns  of  general  or  aggregate  terrain,  geoaetry,  ground, 
and  vegetaticm  factors.  General  terrain  factors  selected  for  use  in¬ 
clude  physiography,  hypsoaetry,  and  landf ora- surface  conditions. 

Geoeetry,  ground,  and  vegetaticm  factors  selected  for  evaluation  are 
characteristic  plan-profile,  occurrence  of  slopes  greater  than  50  per¬ 
cent,  characteristic  slope,  characteristic  relief,  soil  type,  soil 
consistency,  type  of  sxxrface  rock,  and  vegetatiim  characteristic  u. 

Terrain- factor  data  are  synthesis^  to  establish  the  degree  of  analog 
of  a  particular  MED  area  vith  selected  portions  of  the  Yuna  Proving 
GrouDi?.  This  synthesis  trglndes  ccspilation  of  gecaetry,  grcand,  and 
vegetation  anal^  neps — through  ccsbinations  of  their  co^onent  terrain- 
factor  tsaps. 

A  terrain-type  analog  sap  is  prepared  by  superiaposing  the  geoe- 
etry .  ground,  and  vegetation  analog  saps  and  stratifying  ths  result¬ 
ing  ccB&binations .  Highly  analogous  KzS  tracts  exhibit  exact  or  closely 
approximte  cccbi nations  of  terrain- factor  sapping  units  fbund  at 
and  the  degree  of  analogy  decreases  directly  as  the  sisilftrity  to  such 
ccsbinations  decreases. 

Generally  speaking,  the  $<nirain  of  the  KED  is  laoderately  analogous 
to  that  found  at  the  Ycwi  'Pro  <  {  Ground.  Approxixaately  19  percent  of 
the  study  area  is  highly  analogous,  SI  percent  is  ooderately  analogous, 

24  percent  is  slightly  analogous,  and  5  percent  is  inappreciably  analogous 
to  terrain  types  found  in  Ytea.  Approxinately  1  percent  of  the  vas 
capped  as  nonanalcgous . 

The  techniques  used  in  preparation  of  these  pemit  coE^tarison 
of  terrain  in  areas  capi>ed  at  different  scales  as  veil  as  in  areas  sapped 
at  sinllar  scales,  enabling  for  the  first  tiee  cccparison  of  all  the 
deserts  of  the  Sorthem  Ber^aphere. 


Pig.  1.  Middle  East  desert 


AHALOGS  Q?  YIMA  SERAIS  HI  SS  KmDI2  EAST  DISSRS 


PAST  I:  USHCHXICSOH 


1.  Ttus  report  is  one  of  a  series  cct^aricg  the  terrain  of  the 
U.  S.  Ate^  Proving  Ground*  at  Ttea,  Arizona,  with  other  world  desert 
areas.  Three  of  the  earlier  reports  in  tie  series**  (i.e.  those  which 
ccQ>are  the  Yuesa  terrain  with  tie  deserts  of  Kortheast  Africa,  South 
Central  Asia,  az^  Mexico)  were  prepared  in  very  United  rmbers.  Rovever, 
copies  are  on  file  at  the  Waterways  E:q>eriBent  Station  (WSS)  ceod  in  the 
Snviroisaental  Sciei^es  &^ch.  Research  Division,  Research  and  Development 
Directorate,  Aziay  Materiel  Cceoand.  3-630,  Report  3,  Analogs  of  lizaa 
Terrain  in  the  Southwest  United  States  Desert  ^  and  Report  6,  Analogs  of 


Yusa  Terrain  in  the  Korthwest  African  Desert,  were  printed  and  distributed 


in  substantial  ismhers  because  of  the  ailitary  and  scientific  interest 
generated  by  thea,  A  moderate  niaber  of  this  present  report.  Analogs 
Yuaa  Terrain  in  the  Middle  East  Desert,  have  been  published  because  of 
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2.  The  location  of  the  study  area  and  its  get^raphic  subdivisions 

are  shown  in  fig.  1.  Desert  boundaries  were  based  prijsarily  on  hooo- 

Sot 

cllEatic  saps  coepiled  by  Dr.  Perevil  Meigs.  However,  since  Meigs' 
boundary  detexiaioations  were  agriculturally  oriented,  with  temperature 
QTs?  rainfall  the  sost  is^vortant  factors  ccazsidered,  eodificatioss  have 


*  The  Yusa  IToving  Ground  vzis  foroerly  designated  as  the  Ytesa  Test 
Station.  Because  the  change  in  designation  was  Bade  after  the 
plates  in  Vbluae  II  of  this  report  had  been  printed;  the  Yumi  ns^s  in 
Volice  II  carry  the  old  designation  of  test  station. 

♦*  See  list  on  inside  of  back  cover  cf  this  report, 
t  Raised  laabers  refer  tc  correspondingly  nusbeored  itexs  in  the 
Selected  Bibll(^rap^  at  end  of  sain  text. 
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tees  Mde  cm  tbs  of  geosorphic,  soil,  and  Tsgettitlon  data  collected 

in  tbe  present  study. 

Bjrpose  and  Scoy/e 

3*  &  primary  ala  of  the  overall  project  is  to  e'raduate  the  Yuna 
Rrortng  Ground  area  (including  the  Sand  Hills)  as  a  test  site  represent- 
world  desert  te3n«in  conditions.  Ct/viously,  Yuaa'tt  suitability  and 
aie^ubcy  as  such  a  test  site  are  related  to  (a)  the  ext:ent  to  which  Yusa 
terrain  types  or  cooditioiis  occur  in  other  world  desert,  areas,  and 
(b)  wtiether  significant  desert  terrain  types  occurring  elsewhere  are 
lading  at  %iaa.  Yo  aake  these  detendnations ,  a  unifcra  systen  of  de¬ 
scribing,  sapping,  and  caqwrirg  desert  terrain  had  to  be  established. 

A  systaa  which  satialles  amst  of  these  irecpiireaaents  has  been  developed 
and  tested  through  its  i^;>plication  to  Yuaa  and  several  other  world 

desert  areas.  In  additicm,  coQkarisons  of  the  cliaate  of  the  Yuaa  Prov- 

Qlb 

ing  Ground  with  that  of  other  world  desert  areas^  have  been  Bade  by 
the  Envirocwental  l^rotecticm  Research  Division,  U.  S.  krsy  Itatich  lab¬ 
oratories,*  Katick,  Kassachusetts.  The  clieatic  and  teirrain  studies  to¬ 
gether  should  provide  an  evaluation  of  the  suitability  of  the  Yusa  area 
as  a  testing  ground  fcsr  nllit-ary  cperstlons  and  sateriel  under  conditions 
representative  of  those  prevailing  in. desert  areas  in  other  i>arts  of  the 
world.  The  worldwide  distribution  of  desert  terrain  tyi>es  and  their 
relative  ix^xsrtance  can  be  deteiained  ty  exanining  the  other  reports  of 
this  series  (see  paragraph  l). 

4.  This  report  is  priaarily  concerned  with  utiliiiing  the  estab¬ 
lished  technicpies  to  (a)  sap  the  various  tenrain  factors  in  the  Middle 
East  desert  (K^),  (b)  detezsine  the  distribution  of  teirrain  types 
found  at  Yub*  within  the  1^,  (c)  detersine  degrees  of  analogy  between 
the  terrain  types  of  the  KSD  and  those  of  the  Ylcaa  area,  aixl  (d)  con¬ 
tribute  to  an  overall  evaluation  of  the  suitability  of  the  Yusa  Proving 


*  The  Hatick  Laboratories  was  called  the  ‘Quartersaster  Research  and 
Develqpsent  Center"  prior  to  I962. 
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Qrour/i  tar  testing  laea  and  eateriel  for  taiUtary  <q)erations  in  desert 
areas  of  the  vorld. 

3.  Ho  field  surveys  were  pei^orsed  in  conuecti(^  vitb  this  study. 
Bata  used  for  preparing  the  terrain- factor  gs^s  of  the  KED  and  Yusa  Prov¬ 
ing  Ground  were  rcstrictr^d  to  published  and  ui^blished  reports  end 

Sources  of  Information 


6.  ^jpjxndsately  200  references  covering  KED  vere  reviewed  during 
this  study.  %c  most  useful  of  these  publications  are  listed  in  the  Se¬ 
lected  Bibliography.  “Sie  references  varied  fit*  general  reviews  concern  ag 
the  entire  area,  to  travelers'  accounts  along  routes  In  to  detailed 
descriptions  of  L'pecific  localities.  Written  data  concerning  the  phys- 
iogr^thy,  landfonas,  and  general  terrain  features  of  the  KED  are  rela¬ 
tively  scarce.  Ihe  travelers*  accounts  have  been  confined  to  Inhabited 
areas  such  as  the  Hasa  Hain,  the  Hsdhraaaut,  the  Asir-Yemen  Highlands, 
the  lower  Tigris-Siphrates  flocdplain,  the  Dead  Sea  area,  and  along 
estaSjlished  routes  connecting  principal  cities.  Several  eagdoisers, 
notably  Thesiger,  Thonas,  and  Fhilby,  have  penetrated  the  vast,  rela¬ 
tively  uneiqplored  Interior  of  the  area  and  have  contributed  valuable 
written  accounts  of  their  experiences. 

7.  Ccnplete  coverage  of  the  area  was  provicted  by  several  sets  of 
small-scale  isEqps.  Coverage  of  the  entire  area  at  a  scale  of  1:1,000,000 
was  available  on  USAF  World  Aei*caautical  Charts  and  on  Gei^ral  StfifT 
Maps  prepared  by  the  Geographical.  Section,  War  Office,  Great  Britain. 

These  ssaps  were  used  in  preparing  the  gecesetry- factor  maps  and  the  i^iys- 
iegr^hy  and  lanlf ora- surface  condition  saps.  A  recent  physiographic 
Q£p  of  she  Arabian  Peninsula  at  a  scale  of  1:2,000,000,  prepared  by  the 
U.  S.  Geological  Survey  under  the  auspices  of  the  KingGoa  of  Saudi 
Arabia,  was  utilized  in  establishing  the  sajor  jriiysiograiMc  boundaries 
within  the  Arabian  Peninsula.  Cccplete  coverage  by  the  U.  S.  Bepartoent 
of  Agriculture  World  Soil  Maps  at  a  scale  of  1:1,000,000  was  also 
available. 

8.  The  legends,  definitions,  and  sycbols  accccpanying  these  i^s 


vere  z£ts^  useful  is  detezsiuation  of  besic  soil  sdl  consis¬ 

tencies,  end  often  rock  t^pes.  Ihe  caps  vere  also  of  scan  value  in  the 
detendnation  of  vegetation  types.  The  vegetation  sap  vas  carolled 
froK  several  souzxes,  vlth  the  British  Adsdralty  Geogrsphi  ^  HaMbooks 
of  the  area  being  an  ir^portact  source.  The  hypsocaetric  cap  of  Yuba  vas 
adapted  free  U.  S.  Strat)  ^c  Charts  at  a  scale  of  1:500, COO,  whereas 
USAP  Aeronautical  Planning  Charts  at  a  scale  of  1:5,000,000  vere  used 
in  preparing  the  hypsccetric  cap  of  MH). 

9.  The  principal  sources  of  infoncation  concerning  the  Yusa  Prov¬ 
ing  Qrouad  vere  the  following:  A  report,  Terrain  Study  of  the  Yuaa  Test 
Station  Area,  Arizona,  prepared  for  WES  by  a  group  frees  Purdue  University 
In  March  1955,  Handbook  of  Iftcsa  Envlroment.  published  by  Office, 
r^uarteraaster  General,  in  February  1953  (Report  Ho.  200);^^  and  A  Study 
of  Desert  Surface  Conditions  by  ’AceAs  Cleaents  and  others,  published  by 
OuartexxuLster  Research  and  Developesent  Coczaand  in  April  1957  (Technical 
Report  BP- 53).^^  Sources  of  the  photographs  used  in  the  icndfom  and 
physiographic  tabulations  (plates  15,  15A,  15B,  19,  19A,  19B,  and  19C) 
are  indicated  hy  a  credit  line  under  the  photograplis.  Riotographs 
illustrating  the  landforsas  were  not  restricted  to  the  study  area;  lowever, 
the  physiograiMc  pictures  were  restricted  to  the  KS). 

This  Report 

10.  This  report  coaqprises  two  voluses — the  text  (vol  l)  and  a  folio 
of  plates  (vol  ll).  Except  for  two  sets  of  plates  (15  ausd  I5A,  and  I9 
through  19c)  which  present  tabular  d.*scripiions  and  piKxtogr^hs  of  the 
l^ysiography  and  landioixs-surface  condit  ons  of  the  Yuaa  terrain,  the 
fcUo  consists  of  drawings,  cost  of  which  shew  a  cap  of  the  MED  euid  a  Tsap 
of  the  Yuna  Proving  Ground  to  facilitate  coeparison.  Detailed  ejplana- 
tioc.  of  the  laapping  procedures  used  in  preparation  of  the  plates  are 

90 

given  in  WES  Technical  Report  3-506.  In  general,  the  legends  on  the 
plates  are  self-explanatory;  however,  additional  explanations  of  each 
legend  cay  be  found  i  i  TR  3-506. 

11.  The  recaJLndir  cf  this  vtslioie  (vol  I)  consists  of  Parts  II-IV, 


U 


four  tables,  and,  em  a^fpendlx.  Part  II  briefly  susarizes  the  general 
analogy  of  the  Yusa  terrain  to  that  of  the  HED.  Part  HI  describes  the 
terrain  factors  used  to  develop  the  analogy  and  the  methods  used  in  Bsp- 
ping  thes.  Pazt  IV  discusses  the  taethods  of  analog  deveXopeaent,  eu>d 
analyzes  the  sapping  technique  f^xxa  the  standpoints  of  its  general  appli> 
cability  and  deficiencies.  Tables  1*3  suscarlze  data  on  the  distribution 
of  Yuua  terrain  factors  vithin  the  MED  while  table  1;  sicxaarizes  data  per¬ 
taining  to  distribution  of  landscape  types  in  Yu:^  and  the  KED  and  in 
other  world  desert  areas  as  given  in  earlier  reports  of  this  series. 
Appendix  A  discusses  the  ^iilos<phy  of  problesss  associated  with  ter¬ 
rain  analysis  and  cneqarison  In  general. 
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HBS  U:  QSSBIAL  COKtmsm  (F  UMA.  AS)  MED 
Factors  Usad  la  the  Cogmrl«H! 

12*  Ttrraic  aay  be  considered  to  be  the  acgregste  of  tiie  i^iysical 
sttzdbittes  of  an  <sres.  Terrain  can  thos  be  analysed  and  described  in 
terw  of  raaaeroas  cempaatsb  factors.  factors,  considered  to  be 

basic  elwants  of  terrain,  hs9e  been  utilized  in  cenparing  the  terrain  at 
Ibw.  vitb  that  of  MED  and  other  vorld  desert  areas.  These  factors  fall 
into  three  groups:  geosetry  factors,  i.e.  plan-profile,  slope  occurrence, 
Haptf  and  relief;  ground  factors,  i.e.  soil  type,  soil  consisteix^,  and 
<vtzrface  rock;  and  vegetaticn.  Plates  1-9  indicate  the  areal  distribution 
of  various  ranges  of  these  factors  at  Tuaa  and  vithln  tne  K3).  Plates  14-19 
present  general  or  aggregate  terrain  factors  such  as  pfay5iogri4)hy,  hypsopa- 
etry*  and  landfoxB- surface  conditions.  TUa  last  three  factors  vere  not 
utilized  directly  in  preparii^  the  analog  o^s  (plates  l4,  16,  and  l8). 
Bather  these  three  factors  vere  aapped  priaarily  to  (a)  provide  a  fasUiar 
gecaoriMc  sphere  of  reference  or  gross  terrain  picture,  and  (b)  present 
landscape-terrain  factor  associations  that  edded  in  the  gagping,  in  tenss 
of  the  ei^t  terrain  factors,  of  regions  vhere  little  inforaation  beyond 
lanlfons  identification  is  available. 

Analogy 

13.  Each  of  the  terrain- factor  saps  is,  in  essence,  an  analog  Beq>. 
Slallarly  laapped  areas  at  Yuca  and  vithin  the  MED  indicate  hi^  degrees  of 
analogy  froca  the  standpoint  of  the  xsartioilar  terrain  factor  under  con¬ 
sideration  (see  plates  1-9).  A  synthesis  of  terrain- factor  data  and  caps, 
^suiting  in  the  establishJBeyA  of  varyii^  degrees  of  analogy  of  particular 
MED  areas  with  portions  of  the  Yusa  l^rovixig  Ground  and  Sand  Hills,  has 
been  attempted  in  plates  10-13.  Plates  ]1>.12  shov  degree  of  analogy 
of  gecEsetry,  grouid,  and  vegetation  fax^tors,  respectively,  vith  Yussa,  and 
plate  13  shows  degrees  of  analogy  based  on  all  factors  considered.  Degrees 
of  analogy  are  eapressed  as  being  highly  analogous,  Bodei*ately  analc^ous. 
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sli^ttly  inappreciably  analogoos,  az^  not  analogoos. 

14.  Generally  speaking,  the  terrain  of  the  MED  ia  soderately 
analogous  to  that  found  at  the  Itata  Proving  Ground.  Approxisately  I9  per* 
cant  of  the  study  area  is  hi^^xly  analogsus,  51  percent  is  aoderately 
aiMnlc^cms,  24  perc^^  is  sli^tly  analogous,  and  5  percent  is  inappre¬ 
ciably  analogous  to  terrain  types  found  at  Iftam.  Large  portions  of  the 
Eadhraasut  Platean  in  scazthem  Arabia  and  of  the  Jordan  Plateau  bordering 
the  Dead  Sea,  covering  approxisately  1  percent  of  the  study  area,  were 
napped  as  ncmanalogous. 

15.  Highly  analogous  areas  are  found  in  all  the  physiographic  tmits 
of  the  (plates  I3,  l4,  and  1?)  except  for  the  plateau  regions.  Moun¬ 
tainous  areas  ^pped  as  hi^ily  analogous  include:  Sie  fawtn  Mountains  of 
eastern  Arabia,  the  Asir-Tesen  highl  arris  in  southwestern  portion  of  the 
peninsula,  and  portions  of  the  Eejaz  Mountains  of  northwestern  Arabia, 
and  the  Zagros  Mountains  of  western  Iran.  Mcxouuntaljaous  areas  having 
high  degrees  of  analogy  include  the  coastal  plains  along  the  southern  and 
western  shores  of  the  peninsula,  desert  plains  and  dune  fields  of  central 
Arabia,  ersd  large  portions  of  the  vast  Tigris-Euphrates  floodplains  of 
southam  Iraq. 

16.  ftysiosrapbic  regions  coo&idered  to  be  ssjderately  snalogsus 
include:  the  extensive  crystalline  hill  coaqdLex  in  western  Arabia,  vast 
dune  areas  of  the  Bob'  A1  Khali  and  the  Ad  Dahnk  in  soutbem  and  central 
Arabia,  and  large  tracts  of  desert  pi*in«  of  northern  Iraq  and  Syria. 

17.  Slightly  analogcxis  areas  are  represented  physlographically  by 
large  areas  in  the  Hadhraaaut  Plateaus  of  southein  Arabia,  the  Tuvay^ 
Plateaus  of  central  Arabia,  the  An  Hafud  sand  dunes  in  northwestern  Arai^ta, 
desert  plain  and  plateau  areas  in  southern  Iraq  and  Syria,  and  the  barren 
volcanic  plateaus  of  vestezn  Arabia,  Jordan,  and  southern  Syria. 

18.  Areas  exhibiting  inappreciable  degrees  of  analogy  include 
large  portions  of  the  HadhrazKutt  and  Jordan  Plateaus  and  sajcr  areas  in 
the  fuwayq  Plateaus.  SezU  areas  uovorthy  of  individtial  identification 
are  fotsd  scattered  throughout  the  study  area. 


7 


o  *•> 


jgangTL'jrriMiwirf,  ijin»iniit^i,ai  wiombs  ir%irw:a*a.n.fr  »wj* 


m:  f^yi^gs  li^sc^ 

B^#a  ^s?  S^lscfei^  of  Factors 

19.  Sse  ssj^b^  of  t^nia  f^cs%  ^avolves  ^e  sclecticsa  of  cos^ 

pc£M^  flactGsrs  css  b«  <i«l:j3ad,  mq^pei,  ssd  coqptred.  Aay 

Tflcl^  j^3Lbdivic£d  lotG  «re»'  ide:tlflable  ^  wq  ftrrsy  of  designa- 

tioss  or  noiSsers,  each  reporesestiag  a  value  or  value  raage  of  a  specific 
tez^ain  factor.  The  ccegtlerLty  of  such  a  systea,  of  (^urse,  depeuds 
prfaarny  on  the  ooaher  of  tezrsin  factors  eagdoyed.  For  cesastle,  Lf 
20  terrain  factors  were  considered,  each  area  woold  he  Identified  hy  an 
array  of  ^  sjaibols,  eacii  designating  a  particular  tezrein-factcsi  value 
or  rangB  of  values.  Although  this  ivetbod  is  jdausihle,  car\.c^i$;phic 
prohiMss  aatltiply  rsfiidly  if  it  is  necessary  to  aap  cjress  exhihitiug  the 
SMES  v-.’Siddmtioa  of  factors  and  at  the  name  tiae  idcmtify  ccsponent 
terrain-fa:tor  values  or  ranges.  Consequently,  in  the  developesni  of  the 
Mppicg  sfut«  used  herein,  coosiderahle  effort  was  spent  in  Msitiitg  tbn 
zxaiber  of  terrain  factors  aod  at  the  saae  tiae  Mddng  sure  th«t  factors 
which  were  ia^iortsnt  in  terrain  descriptions  were  not  disregarded.  Mich 
effort  was  also  devoted  to  selecting  terrain  factors  thst,  when  considered 
in  concert,  are  readily  visualised  and  depicted  with  a  rtnixBB  of  carto¬ 
graphic  ccaqtlexLty.  The  terrain  factors  napped  were  chosen  <^efly  he- 
r^ause  of  (a)  the  iaportance  of  each  as  a  basic  elenent  of  terrain, 

(b)  their  ability,  when  viewed  together,  to  provide  a  reasonably  cc^lete 
picture  of  a  given  terrain,  and  (c)  their  nilitary  sigzdficance. 

20.  The  selection  of  napping  units,  or  the  terrain- factor  stratifi¬ 
cation,  was  based  on  such  considerations  as  (a)  naturalistic  breaks, 

(b)  availability  of  data,  (c)  nilitar>  significance,  and  (d)  adaptability 
of  ths  unit  to  precise  and,  whciiwmnr  possible,  ({uantitative  definition. 

ueoBetry  or  Fora  Factors 

Background 

21.  Landscape,  as  used  in  this  terrain  study,  is  defined  as  the 
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surface  fom  or  c<mfi€ur8ti<B3  (geccetry)  of  an  area.  Historical  ly ,  the 
representation  of  Iwni  scapes  or  surface  gecoetry  in  plan  progressed  fr^ 
sii^e  pictoriaX  syi^ls  on  early  saps,  to  hacharirg,  to  the  first  ccs^~ 
tour  naps  in  the  Biddle  l880*a.  Ihe  ijiq>artance  of  this  last  step  in 
quantifying  cartography  cannot  he  oreresq^sasized;  for  the  fir:$t  tine  c«ss> 
sensurable  vertical  as  well  as  horizontal  data  were  included  on  saps. 
Advazjces  since  that  tizse  seem  to  have  been  largely  concentrated  on  shad> 
ing  and  iiqiroved  methods  of  hacburing  or  pictorial  representation.  These 
ne^ods  pemlt  a  acre  readily  assisilated  bird's-eye  view  of  the  tesrain, 
but  coeparlson  of  one  such  viev  with  another  is  largely  a  aatter  of 
individual  interpretation.  Classification  and  direct  aeasureBent  of  the 
cceqtonent  parts  of  such  views  are  necessary  before  the  problass  of 
objective  terrain  cosparison  and  a  host  of  slaSlar  problms  can  be 
resolved. 

Geoeetry  factors  selected 

22.  Considerable  thouc^  ^  ^>eea  given  to  zhe  selection  of 
factors  to  be  included  in  landscape  description.  An  atteapt  •was  am&tt  to 
keep  the  nusber  of  factors  at  a  adnlatga  while  still  providing  a  reason¬ 
ably  cccplete  picture  of  the  terrain.  Inference  was  given  those  factors 
that  could  be  lasaerically  eipressisd  and  rigidly  defined  and  napped  with 
the  data  available.  Four  surface  gecsetry  factors  (plates  l-it)  were 
finally  selected:  slope,  relief,  dissection  or  spacing  of  steep  slopes, 
and  a  coeposite  factor  called  plan -profile.  Using  these  factors,  a 
region  can  be  described  for  ezasple  as  having  hills  with  slcpes  ranging 
between  10  and  20  degrees,  spaced  fkoD  700  to  1000  ft  aparc,  rising  to 
hei^rtis  between  ^  and  100  ft.  A  less  tangible  but  ecgually  ixportani; 
property  necessary  to  cc^>lete  this  description  is  the  spatial  distribu¬ 
tion  of  these  three  gecaetry  factors;  this  distribution  is  temed 
plan-profile. 

23.  Ibe  need  for  the  plan-profile  factor  is  leadily  visualized  by 
consideriig  a  hypotl^lcal  gently  sloping  plain  dissected  by  nusiorous 
deep,  narrow  drainagevays .  Such  an  area  would  be  capped  as  having  cer¬ 


tain  ranges  of  slopes,  relief,  and  slope  spacing.  Another  gently  sloping 
plain  with  a  series  of  narrow  dikes  or  ridges  crossing  it  would  be  capped 
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yAHh  tiu  am  njagu  of  slept,  relief,  sni  slope  sptdog,  bat  tbe  dispo- 
sitleD  ^  fttlaxes  ccsipotlQg  tbe  Isodscupe  in  etch  instance  vould  be 
dlffer«xt.  BrofUes  of  the  two  lend  scapes  voold  sppnr  as  'W~  in  the 
first  instance  and  as  .AA.  in  tbe  sec^.  In  addition,  it  is  desirable 
to  knoir  tbe  ridges  cr  dralnasesagrs  are  parallel  or  intersecting, 

contixxmt  ii  or  disccntinaoaa,  i.e»  a  plan  view  of  tbe  ar^  is  seeded,  fhos, 
tbe  claa^sterixtic  plan-profile  is  a  necessary  part  of  landscape  deflniticm. 

She  diaensions  of  the  landscape  ^rpl^cd  hy  the  plan-profile  are 
indicated  by  relief  and  slope-occurrence  aeasureaients.  For  exaaple, 
aUttTial  aprona  scored  hy  steep-sided,  thalloar  washes  are  eapped  with  the 
am  plan-profile  as  eztenslTe,  high-standii«,  dissected  plateaus,  although 
the  relief  and  slcpe-occurresce  ralne  ra'^es  are  decidedly  different.  This 
is  considered  not  only  permissible  but  desirable  because,  with  unrestricted 
dimensions,  the  plan-profile  allows  a  convenient  aerttal  ixmge  of  the  land¬ 
scape  to  be  formed.  To  such  an  ieage,  known  values  of  slope,  relief, 
and  slope  occurrence  aui  be  assigned  and  easily  assimilated.  In  the  pres¬ 
ent  study,  factor  values  associated  with  features  esddbiting  less  than 
10  ft  of  relief  were  considered  as  aicrorelief  (paragraph  53)  and  were  not 
included  in  the  landscape  descriptions.  Come«{uently,  tbe  landscape  de- 
scriptiem  is  a  generalization  of  the  actual  ground  surface. 


25.  Coobining  the  four  basic  geometry  factors  provides  a  convenient 

msthod  of  mapping  terrain  or  landscape  in  a  fairly  f^oantitative  fashion. 
The  method  is  certainly  cue  of  the  siqplest  possible.  It  permits  any  land¬ 
scape  to  be  described  by  a  coadrf  nation  of  four  uuabers  or  number- letter 
s^csbols,  each  representing  a  particular  range  of  values  of  plan-profile, 
slope  occurrence,  slope,  and  r  ^ef .  The  combination  ll//,4,Ib,2,  for 
example,  defines  a  i>lain  having  charscteristic  slopes  of  1  to  3-1/2  per¬ 
cent  and  scared  by  roughly  parallel,  steep-sided  washes  from  10  to  50  ft 
deep  which  are  spaced  from  1000  to  50CK>  ft  Qie  landscape  type 

could  be  sketched  as  shown  in  fig.  2. 

26.  It  Slight  he  painted  out  that  the  median  value  or  soeae  function 
(square  root,  sine,  otbe  root)  of  the  maUan  value  of  the  slope  occur¬ 
rence,  slope,  and  relief  unit-j  could  be  substituted  for  tne  unit  number  or 
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mjc^er-lettcr  sya^l  if 
a  sore  direct  landscape 
desigsaticm  is  desired, 

Sinilsxl^t  actual  valtses 
could  be  STibstituted 
for  the  directly  aeasur- 
able  ccaspcments  of  the 

plan-profile.  (Methods  2^  Landscape  representation  shoving 

of  quantifying  the  plan-  use  of  naatoer  and  noaber-letter  STsbols 

to  describe  surface  gecaetry  factors 

profile  are  presented 
in  ^jpendix  A  of  USS 

Technical  Report  3-506.  Althot^  this  procedure  aakes  the  landscape 
designati<m  more  truly  quantitative,  the  necessary  expenditure  of  time  in 
aiudysis  and  the  paucity  of  necessarily  detailed  maps  mads  Its  use  im¬ 
practical  for  the  present  study. 


27.  Although  the  legends  on  plates  6-9  are  self-explanatory*  a  point 
c<aKemix;g  tbs  cggrcgstc  nature  'of  the  grtaasd  end  ye~tati«i  factors  should 
be  jsentioned.  ^ch  factor  is  actually  coa^posed  of  several  factors  or 
properties  that  could  hi  defined,  stratified,  and  aapped.  Surface  rock, 
for  exasple,  could  \je  stratified  in  quantitative  values  uf  ccopressive 
strength,  abrasion  resistance,  sphericity  of  fragments,  propcrticm  of  free 
silica,  and  zsany  other  properties.  As  the  ranges  of  these  properties, 
for  the  saost  part,  overlap  any  stratification  based  on  the  videly  utilized 
genetic  classification  of  rock,  tabulatiai  of  these  properties  within  a 
genetic  or  descriptive  classification  is  difficult.  The  alternative  of 
preparing  a  separate  map  for  each  property  is,  in  the  li^it  of  present 
knovled^,  a  fomidahle  if  not  iKQXMsible  task.  Hcverthelcss ,  some  method 
of  separate  aaEping  or,  preferably,  synthesizing  through  meaningful  tabula¬ 
tions  rust  be  developed  for  quantitative  ground-factor  data  before  a  truly 
quantitative  ^hod  of  terrain  napping  can  be  devised.  In  this  report,  the 
vegetation  tabiiiation  (plate  9)  presents  soae  quantitative  values  for  the 
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mCTtnc  onits,  and  the  surfese^rock  tabuleticm  (plate  8)  jarceents  property 
zaages  of  a  aore  qielltatlTe  nature.  Although  the  Bapplng  of  ground  end 
vefctatltti  factors  used  herein  is  considered  adequate  for  the  aias  of  the 
present  study,  it  is  not  coanidered  a  final  effort  in  quantitati^  ground- 
factor  mpping.  A  aore  quaiitltat^'.ve  systes  is  certainly  needed  and  is  be¬ 
ing  used  in  actual  terrain-offect  testing  progra&s. 
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Altfaou^  the  terrain-type  designation  prorides  a  reascaiably 
precise  and  partially  (juantitatire  description  of  a  region,  it  is  adadt- 
tedly  difficult  to  risualize  an  area  hy  reading  a  group  of  noaibers  car 
noadier-letter  syahols  until  the  classification  systes  and  syabology  are 
thoroa^i^ily  understood.  This  cepebillty  mast,  of  coarse,  be  developed 
throat  continued  use  and  fsEUl^lzaticn  with  the  terrain-factor  ranges 
designated  by  the  various  nuabers  and  isaber-letter  syabols  cxMprLsin^ 
the  terrain  types.  A  fev  of  the  landscape  and  terrain  types  found  at 
Tuna  are  briefly  described  in  the  follcsfing  parafraphs  in  an  (Kttaqit  to 
initiate  faailiarlty  vith  the  system  in  a  relatively  vell-kzxwn  desert 
region.  The  types  axe  also  described  vithln  the  franevoric  of  the  vell- 
kcGwn  and  videly  utilized  genetic  systes  of  landfo»  classification 
(plate  id)  to  provide  an  even  more  faBiliar  base. 

Hountainous  regions 


29.  Mountainous  regLons,  i.e.  basin  ranges,  occupy  sU^itly  sore 
than  16  percent  of  the  ccsbined  Tiais  Proving  Ground-Sand  mils  area 
(plates  5  and  I8).  Landscape  types  4,6,5, 7;  4, 6, 5,6;  and  4, 5, 5, 5  are 
found  within  the  basin  ranges.  These  noabers  identify  Mpping  units  or 
value  ranges  of  plan-profile,  slope  occurrence,  characteristic  slope,  and 
characteristic  relief,  respectively.  Flan-profile  unit  4  indicates  that 
topog^'sphic  highs  (a)  occupy  store  than  6C  percent  of  the  area,  (b)  are 
crested  or  peaked,  (c)  are  nonlinear,  i.e.  length  is  less  tlwm  5  tlBeii 
width,  and  (d)  are  randcsaly  arranged  (see  plate  l).  Slqpe  occurrence 
units  5  and  6  (see  plate  2)  identify  areas  where  the  number  of  such  slopes 
is  100  to  200  per  10  Biles  and  aore  than  200  per  10  miles,  respectively. 
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Characteristic  slc^  unit  3  (plate  3)  izxlicates  that  the  aost  ccaamly 
occurring  or  characteristic  slc^  is  between  26,3  and  4^  degrees  (approx- 
is^teljr  3Q  to  100  percent).  Characteristic  relief  of  ICO  to  4C0,  400  to 
1000,  and  aore  than  1000  ft  is  indicated  by  relief  units  3»  6,  and  7« 
respectively  (plate  4).  All  the  basin  ranges  (plates  6,  11,  and  18)  are 
characterised  by  soil-rock  associatiaQ  tmit  1  idiich  identifies  a  aosaic 
of  hare  rock  and  stony  soils  with  a  feif  scattered  patches  of  coarse-  and 
fine-grained  soils.  Bare  rock  and  stony  soils  cover  less  than  4o  percent 
of  the  area  Happed.  The  snail  4,5»5>3  area  iaHediately  sooth  cef  the 
White  Tank  Hcsintains  (plate  3)  is  characterized  surface  rock  unit  3e> 
i.e.  true  extrusive  rocks  foonaed  by  solidificaticm  of  aolten  aaterial  that 
poured  out  on  the  surface  of  the  earth,  e.g.  basalt,  dacite,  etc. 

(plate  8).  Surface  rock  tud.t  4,  aetasorphic  rock,  predoainates  in  the 
^>3,9,6  ax^as  of  ths  IfciggLns  Mountains;  hoMever,  areas  of  true  extrusive 
rock  (unit  3a)  are  also  found.  In  the  4,6, 3»7  tjpe  aountains  south  of 
Growler,  'Arizcma,  areas  of  wadifferentiated  aediasntary  (unit  3)  and 
aetaaoi^iic  (unit  4)  rock  are  found.  This  lard  scape  (4,6,^,7)  is  also 
found  in  the  Bsloaas  Mountains  in  associatioa  with  surface  rock  unit  2 
(intrusive  ignscus  rock).  Sie  4,6,5^6  landscape  type  is  the  aost  wide¬ 
spread  of  the  BDuntain  types  at  Ibaa.  In  the  Trigo  end  Chocolate  Mouia- 
tains  tuS  4,6,  3,6  la.qdscape  type  is  fou3Qd  in  areas  of  astaiorphJ  c  rock 
(imit  4)  end  surface  rock  ocoplexes  of  true  extrusive  rock  (unit  3a)  and 
vxilcanic  ejecta  (unit  3b).  In  the  portions  of  the  Middle  and  White  Sank 
Mountains,  the  landscape  type  is  associated  vitb  true  extrusive  rocks 
(imit  3a).  In  the  Castle  Bcae  Mountains  the  4,6,5»6  landscsqpe  type  is 
found  In  association  with  the  3&'’3b  extrusive  rock  ceeplex,  ui^ilfferenti- 
ated  sedicientary  rock  (unit  3),  and  aetaacrphic  rock  (uzrit  4).  All  the 
basin  rai^s  are  characterized  hy  vegetation  unit  2  (plates  9  and  l8) 
which  ijadicates  a  ground  coverage  of  1  to  9  percent  coxmisting  primrily 
of  widely  spaced  thorny  shrubs,  bashes,  and  lov  trees.  It  seess  rather 
obvicus,  then,  that  once  the  classification  and  8yid»olj(^  of  the  ei^ployed 
method  are  understood,  a  designation  such  as  terrain  type  4,6,9,8,l,3a,2 
can  convey  a  considerable  anount  of  inforaetion  regarding  the  area.  In 
contrast,  the  classical  nethcds  of  gecaori^c  or  i^rmin  descripticn 
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ifould  re^iixe  8ev«rtPL  paraipraphs  or  pa^ss  to  cotsrey  tte  sa»e  information, 
anl  an  area  daacril)ed  ^  one  perecn  ad^it  be  unrecognizable  as  the  sane 
azM  iiikan  described  by  another. 


Allurial  fans  and  aprons 

30.  Alluvial  fans  and  occupj'  slightly  laore  than  bb  percent 

of  the  caabined  Yuaa  firoving  Qround>3and  dills  area  (plates  3  arsd  I8). 
TanJacape  types  lL,4,lb,2:  1L,4,2,2;  and  7*l»lh,l  characterize  the  fan 
and  apron  regioos.  Han>profile  unit  U.  Indicates  that  typographic  bi^ 
(a)  occupy  wire  than  60  percent  of  the  area,  (b)  are  flat^topped,  (c)  are 
linaar,  and  (d)  are  randaaly  arranged  or  noi^arallel.  Slope  occurrence 
unit  4  identifies  areas  vfaere  the  nusber  of  slopes  steeper  than  30  percent 
ranges  frou  20  to  100  per  10  adles.  SI(^  units  lb  and  2  indicate  that 
the  characteristic  slope  is  between  0.3  and  2  degrees  and  2  and  6  degrees, 
respectively.  Characteristic  relief  of  10  to  30  ft  is  indicated  by  relief 
unit  2.  The  7,l,lb,l  landscape  describes  an  area  ezhibitis^  (a)  no  pro- 
nouztced  topographic  highs  or  lows,  (b)  no  slopes  steeper  than  30  percent, 
(c)  a  cbaraxrteristic  slope  of  between  0.3  and  2  degrees,  and  (d)  character¬ 
istic  relief  of  less  than  10  ft.  The  lL,U,ib,2  laodsci^  is  the  aost 
widespread  and  is  usually  associated  with  soil  type  unit  6,  i.e.  sand  and 
gravel  nixed  with  sdnor  anounts  of  finer  aaterial,  and  soil  consistency 
unit  10,  i.e.  noncchesive  surface  layer  less  than  12  in.  thick  underlain 
by  a  dense  laysr.  The  aost  canton  vegetation  found  with  this  weihi nation 
of  Ihctors  is  a  coaqtlex  of  units  3  and  4  (aoderately  spaced  thorny  shrubs, 
hushes.^  low  scrubby  trees,  herbs,  or  cliaps  and  c^en  stands  of  coarse  grass 
with  scattered  denser  stands  of  shrubs  and  scrubby  trees).  Areas  of  soil 
type  unit  4  (grav^)  wl^  soil  consistency  *niit  9  (crusted  surface  of  non- 
cohesive  pebbles  or  gravels  overlying  nonct^sive  mterials),  and  soil 
type  unit  8  (silt)  with  soil  consistency  unit  10  (uoiM:ohesive  surface 
layer  underlain  within  12  in.  by  dense  layer)  are  also  found  within  this 
laodscspe  type.  Vegetation  again  is  uxnially  a  3-4  unit  caqxlex.  In 
gsmrsl,  the  same  groml  and  vegetation  faxrtor  ccid^lnations  are  associated 
with  the  1L,4,2,2  lazxiscape  type.  Ihe  7,l,lh,l  landscape  type  is  charac¬ 
terized  by  soil  type  unit  6  (sand  axxl  gravel),  soil  consistency  unit  10 
(noncchesive  surface  layer  underlain  within  12  In.  by  a  dense  layer),  and 
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vegetaticm  unit  3.  Areas  of  soil  type  uxiit  8  (silt)  aad  soil  eonsisteztcy 
unit  4  (firs)  ere  also  fouod  in  associatioe;  vlth  landscape  type  7>l)lbyl 
and  vegetaticm  unit  3* 

Other  landfoims 

31*  Rw1  nation  of  plates  V*  3.6  provides  sSsilar  descrip> 

tions  for  the  rwMilTilnii  landfoxcs  (wnich  cciqirise  i^iproxinately  SS  percent 
of  toe  area)  fcmnd  at  Ytosa.  Consolidated  and  uiu:(aisolidated  hills,  flood¬ 
plains  and  terraces,  end  dunes  occupy  cost  of  the  area  not  cctqposed  of 
basin  ranges  or  fans  and  aprons.  If  the  terrain  types  coaposing  these 
various  landforcts  are  detexalnod  fixti  the  asops,  it  vlll  be  obvious  that, 
even  vithln  a  region  as  snail  as  the  Yh&a  Rroving  Ground,  classical  land- 
fonas  are  not  homgeneous  free  the  stampoint  of  terrain  types,  and  the 
soae  terrain  types  can  be  found  vithln  "different"  landfoms.  These  ax'e 
isportant  points  that  should  be  borzie  in  aind  if  any  attea^ts  are  aade  to 
coapere  regions  on  the  basis  of  classical  geotaccphology. 


32.  The  sapping  cetbods  are  reviewed  in  nore  detail  in  the  Raoidbook 
(VE3  !ZB  3-506)  cited  in  paragraph  10;  therefore,  only  a  general  discussion 
is  presented  here.  Basically,  the  prinary  function  of  any  sap  is  to  shov 
the  plan  distribution  of  classes  of  things,  ibese  "things”  say  represent 
ranges  of  elevation  (os  on  contour  aaps),  vegetation  types,  countries,  or 
innuserable  other  classes  or  groupings.  For  accurate  ta^ppinc,  the  preci¬ 
sion  of  the  oetnods  and  techniques  esployed  varies  directly  as  the  quantl- 
tativeiaess  of  these  classes.  FOr  exasple,  fairly  qualitative  classes  such 
as  jdiyniogrsphlc  unite  can  be  napp^i  vlth  q^ualitative  data  and  feirly  sub¬ 
jective  procedures,  whereas  the  accurate  cajpping  of  hypscssaetric,  slope, 
and  xellef  classes  requires  quantitative  data  as  veil  as  precise  and  ob¬ 
jective  i:a|q>ing  techniques. 

33*  Purthenaote,  it  has  been  fouzxi  that  great  dlfferejvies  in  rap- 
pii^  scale  exert  relatively  little  influence  cm  subjective  procedures,  but 
often  produce  ccepUcations  vhsn  precise  and  objective  napping  technicpies 


tttiliand.  Ihi*  i«  expadally  true  iu  goiag  txxm  large>scale  to  saall- 
scale  ma^p^&xi^  and  inUoates  that  scalar-detensined  gecerallzation  can  be 
easily  handled  in  e^E^dng  fflaHtaiti\<^  classes  with  subjectirs  tcchnicices} 
but  this  generalization  5.s  difficult  to  describe  when  precise  and  objec¬ 
tive  aapping  techni<iae8  are  utilized.  In  fact,  tl»  scalar  geceralizaticm 
resultlQg  vhtn  such  techni<|aes  are  esq^loyed  can  only  be  detexsincd  through 
collectioo  of  empirical  data  in  actual  cepping  at  auJJ.  and  large  scales. 
Althou^  SQM  ccaqparative  data  have  been  accunulated;  in  aost  cases  it  Icr 
oirrently  only  possible  to  estiaate  scalar  effects.  In  areas  such  as  the 
SouttMesterp  Onlted  States  vhere  aap  coverage  at  varicos  scales  is  fairly 
good,  sose  sapping  and  scalur  correlations  or  relations  can  be  observed. 

For  em^tle,  if  objective  sapping  techniques  and  1:2:>,G0G  cans  vith  a 
10-ft  contour  interval  ere  employed,  sany  ranges  associated  vith  the  basin 
and-range  region  of  the  U.  3.  viU  include  patches  of  slope  units  3> 
and  with  unit  4  being  areally  predosinanz.  If  the  sase  technic^aes  and 
1:250,000  naps  rith  100-ft  contour  intervals  are  esployed,  these  ranges 
vouM  be  sapped  as  slope  unit  3*  Obviously,  if  large  and  saall  regions 
are  to  be  cospsred  in  terms  of  terrain  factors  such  as  slope,  these 
differences  cannot  be  allotred.  Thus,  all  terrain- factor  capping  oust 
utilize  as  a  base  the  sase  contour  interval,  ssEpling  area,  and  scale  to 
ensure  that  true  areally  docxLcant  classes  vlll.  be  shown  at  ssall  scales. 

34.  Referring  again  to  the  U.  S.  basln-and-range  region,  let  us 
assuoe  that  cmly  1:250,000  ca^  with  100-ft  contour  intervals  are  avail¬ 
able  for  ccartain  lithologically  slnilar  ranges,  and  tbe  resultdng  slope 
vhen  socae  established  objective  tsapping  technicpie  is  utilized  is  unit  3. 
Sspirlcal  data  in  these  type  areas  perrxit  prediction  with  sccie  assixrance 
that  if  smps  vith  a  10-ft  contour  interval  vere  utilized  the  predominant 
slope  unit  vould  actually  be  unit  4.  Thus,  modification  of  capping  imits 
frea  a  smll- scale  to  large-scale  sapping  base  can  often  be  cade  vith  con- 
fi*,.enoe.  Where  good  cap  coverage  is  available  ot  different  scales  for  a 
region,  establishsent  of  these  taodifying  relations  is  relatively  slzple 
though  tedious.  In  other  relatively  "uiaapped"  desert  areas,  subjective 
estiesates  oust  suffice  until  enou^  caps  ezxl  ecpirlcal  tapping  data  are 
available  to  allow  objective  detemination  of  scalar  effects.  Bevertheless , 


raziges  of  Tslues  aro  used  in  the  sapping  scheoe  eaployed  in  this 
report,  subjective  estixates  can  be  cade  vith  cocsider&ble  confidence  in 
SOM  areas.  Spot-oappxc^  of  vcrM  desert  tracts,  for  vhich  both  large- 
scale  «md  sssall-scaJLe  sapo  are  available,  has  also  provided  naaercus 
Isuidfona-terrain  factor  associations  'Ucat  aid  in  l^e-scale  (l;25,000) 
and  contazr-interval  (ID  ft)  sapping  of  relatively  unknown  ar«^.  Hany 
of  these  assodatiaas  are  indicated  in  plates  19,  19^,  19^,  am  19C. 

35*  preceding  general  c<n3cepts  are  conslderBi  Ir.  establishing 
procedures  for  general  Bapplng  of  geoeactry,  ground,  and  vegetation  factors. 
I^bably  the  aost  liq)ortant  point  is  that  the  isappit^  bases  utilized  for 
the  various  factors,  vith  the  exception  of  physiography  and  hypscaetry, 
arc  "large  scale"  in  nature.  ‘Therefore,  they  are  closely  allied  vith  t^e 
Yuaa  area.  Throu^  the  areal  generalization  process  just  described,  the 
saae  aapplog  base  vas  employed  in  the  saall-scole  aepping  of  vorld  desert 
areas.  In  geoaetxy- factor  napping,  a  scale  of  1:25,000,  contour  interval 
of  10  ft,  and  a  1-alle-diaaeter  saayling  circle  vere  employed  as  the  datua, 
and  fairly  objective  techni(|ues  for  M^^iping  Yuaa  and  vorld  deserts  vere 
established.  Areas  of  geoaetry  factors  aapped  in  this  awmer  are  con¬ 
sidered  to  he  characterized  by  a  restrictive  gecsKtry-factor  type.  Al¬ 
though  the  Halts  of  the  ground-  and  vegetation- factor  aapping  clashes 
vere  established  with  all  possible  predsicn,  fairly  q^ualitative  data  and 
subjective  techniques  vere  eaployed  in  actual  napping  of  these  factors. 
Existing  soils,  geologic,  agricultural,  and  vegetation  asps,  vritten 
descriptions,  and  newly  established  landfoxa-ground  factor  associations 
vere  necessarily  the  priaary  bases  for  aqpping.  The  objective  saapling 
and  aap'/lng  techniques  required  for  ground-factor  niq^ping  in  actual  field 
investigations  have  been  explored  but  could  not  be  esqploynl  in  the  presoxt 
study. 

Happing  coBplexes 

36.  One  of  the  Bare  ixspoxtant  concepts  in  the  aethod  mplxy^id  in 
terrain- factor  sapping  Is  the  use  of  cccq>lexes  to  illustrate  dual  classifi¬ 
cations.  Stepping  is  accoaplished  within  tbs  pertinent  area  by  slcqply  shov¬ 
ing  the  tvo  classifications  (nappijpg  lujits)  on  either  side  of  horizontal, 
vertical,  or  diagonal  lines.  This  results  in  the  fractional  or  banded 
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ii3Wiw11|lii<'><wiii  In  flntm  X'9.  Cca^UaBts  w 

Sio  MntX  cq^lmciB  iadlcgfco  tlm  cxutaoca  of  two  -aodnaimnt  atcj^ 
ping  nnltfi  wilMs  »  (£««&  ana,  for  iwgili,  tb«M  cMplaxw  are  sanpnd  in 
ngloac  P!mk«  two  aa,^  araaUr  x«st2let«3l  sodLl  l^rpa^  oocar  tat  cassTt  te 
aaparat^  daUnaabad  taeanaa  of  ^  wBRUnass  of  ti>»  :aii5dng  scale  or 
lack  of  detailed  iafoaaotioau  It  fotUoiis  tbat  aswal  cceplexea  beccae  less 
liVcrtaBt  as  scales  baooae  larger  and  as  the  aaccnt  of  ttipl7>g  infoncation 
iaeraasea.  Tecrai&*factor  ccaiplexcs  resoresent  noaaics  of  factor  classes 
or  la^ipiiig  units;  i.e.,  ttaesr  iailcata  distinct,  areally  restricted  tracts 
of  specific,  doBlnBiit  Mpping  units  rather  than  aixtares  of  these  units. 
^  legMls  of  plates  1>9  ei^lain  tbs  significance  of  the  synbolization 
otHlsad  in  napping  areal  co^^lexas.  It  should  be  nentLoned  that  for 
cartcgiraphle  reasons,  Meal  ccnplens  of  gecoMtry  factors  axe  napped  only 
Where  the  plaa-profUe  factor  is  nappad  as  an  areal  conplex. 

38.  Tbe  grose>ccaponeQt  car  gross-restrictive  ccaglex  is  used 
solely  in  geoastry-factor  napping.  The  need  tear  such  a  co^^ex  is 
obvious.  As  defined  in  this  study,  landscapes  are  sesdquantitative 
descriptions  of  terrain  geoeetry  designated  by  feur  cusbers  or  nusber- 
letter  syshols,  each  corresponding  to  napping  unit>)  of  tbe  four  geon- 
etry  factors.  Each  landscape,  however,  is  coiqwsed  of  land¬ 

scapes  and  is  in  turn  part  of  a  larger  or  next-order  landscape.  Tbe 
lower  Unit  of  sui^  landscapes  has  been  set  by  definition  as  those  ex¬ 
hibiting  relief  of  at  least  10  ft,  i.e.  those  generated  by  a  10- ft  con¬ 
tour  ixxterval.  In  aost  instances  tbic  landscape  adequately  depicts  ter¬ 
rain  getaistry.  In  sane  cases,  hewever,  such  as  tbe  situation  Illustrated 
in  tig.  3»  this  landscape  foms  a  coaqponent  part  of  a  larger  or  gross 
landscape  and  aixst  be  cuqiped  to  obtain  an  adequate  portxv^al  of  the  area. 
Sote  tbat  in  fig.  3  a  parallel  ridge  area  with  ridges  Area  2  to  10  Biles 
apart  coaprises  the  gross  landscape,  whereas  the  plain  between  these 
ridges  is  a  ccaroonent  (restrictive}  landscape.  Two  scales  of  generaliza¬ 
tion  are  used  in  this  portrayal.  Using  the  plan-profile  factor  as  an 
exaaple,  the  restrictive,  or  cenponent,  plan-profile  is  detersined  by 
utilizing  a  sagpllng  circle  1  Bile  in  dissKter,  a  contour  interval  of 


10  ft,  «sd  %  wasp  scale 
of  1:25,000-.  At  least 
tvo  ctjaracteristic 
plan-profile  types 
will  be  found:  one 
for  tbe  plains  and 
one  tar  tbe  ridges, 
ae  gross  plan-profile 
is  detendned  x:ttilis- 
I19  a  35-KLle-diii*eter 
sampling  circle  and 
1:250,000  naps  vlth 
100-ft  contour  inter- 
-rals.  Obviously,  a 
gross  plan-profile  can 
be  divided  ixxto  a 

of  tvo  restric¬ 
tive,  coB5)onent  types, 
either  of  which  can  be 
sapped  vitb  the  gross 
plan-profile.  Each 
restidctive  plan- 
profile  aust  e^diibit 
relief  of  a  lover 
order  than  the 
gross  plan-profile 
if  a  gross  type  is 
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Fig.  3.  Schesatic  relation  between  gross 
and  coaponent  landscapes 


to  be  Dipped.  This  qualification  explains  why  oany  areas  are  shown 
on  vlth  only  restrictive  plan- profiles,  l.e.  characteristic  relief 
within  a  1-Dile  circle  falls  in  the  saac  relief  class  as  that  within 


a  35-t3ile  circle. 

39.  The  xtsaJLning  geosetry  factoid  sleply  provide  additional  data 
cocceming  the  plan-profile.  The  xaeaning  or  significance  of  the 
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Method 


40.  As  preyloosly  at^ntiooed,  each  of  the  texTain-fhctor  aaps  is 

actoaUy  sa  analog  Mp.  Sixilarl^  areas  at  Ttasa  aixi  vithin  the 

ICD  e:diiMt  high  degrees  of  analogy  fKm  the  stand^poist  of  ttst  particular 
terrain  factor  under  consideration  (see  plates  1*9)*  l^ble  1  Indicates 
the  terrain-factar  value  ranges,  or  aapplng  units,  that  arc  found  (a)  both 
at  Ihiaa  and  vlthln  tbs  MS),  (b)  at  %aia  only,  and  (c)  vlthin  the  MED  only. 

41.  A  synthesis  of  terrain>factor  data  and  saps,  resulting  in  the 
estsblishwent  of  varying  degrees  of  analogy  of  particular  MS)  areas  urith 
portions  of  the  Yisa  I^roring  Ground  and  Sand  Hills,  has  been  atto^ited  in 
plates  10-13.  ^his  synthesis  iirrolve<l  the  preperatioo  of  (a)  a  gecaetry 
or  form  analog  mp,  (b)  a  ground  analog  asp,  (c)  a  vogetation  analog  aap, 
and  (d)  a  terrain-type  analog  sap. 

42.  Tht  goaattfy  analog  (p}ute  10)  la  aardy  a  aodlflcatlon  of 
the  generalized  lendacape  map  (plate  $)  vhich  vas  prepared  through  mapet- 
position  of  tbs  mlupef  relief,  slope  occurrence,  and  plan-profile  aape* 

If  a  landscspe  type  designated  by  a  coai>ination  of  four  oahers  or  noaber- 
letter  5yiid>ols  (each  representing  a  specific  aapplng  unit  of  cbaracterlctic 
plan-profile,  dope  occurrence,  al£^,  ead  relief)  fomi  at  Tuaa  also  oc¬ 
curs  in  the  ICD,  the  erea  so  aapped  is  cooeldered  to  be  highly  enelogoue 
to  the  region  erhibltlug  this  landscspe  type  at  Tuna.  An  area  In  the  NO), 
or  any  other  vorld  desert  erea,  exhibiting  three  nuabera  or  ouaber-letter 
syabols  out  of  four  found  in  a  ccabination  at  I^aas  is  considered  to  be 
aoderately  analogous,  end  so  on.  The  analog  detezvinationa  are  Indicated 
in  table  2.  Boto  that  gross  landacapee  (a^pped  utilizing  a  35-*ile*diaaeter 
taapllng  cell  and  100-ft  contours)  are  dietingulehed  fron  conponent  or  re¬ 
strictive  types  (napped  utilizing  a  l-aile-dlSBaeter  saapUng  cell  and  10-ft 
contours).  Gross  landec^es  in  one  erea  are  coapared  only  with  gross  laM- 
seapes  in  aisother,  sa  Is  also  the  case  vith  restrictive  types. 

43.  The  ground  analog  asp  (plate  U)  vas  prepared  in  a  aaanner  very 
siailsr  to  that  xxsed  in  the  preparation  of  the  gecnetry  anal«:%  aap,  i.e. 


sqjtsiavociag  the  solX>ccaclst«iKqr,  ^rfiKce-xock  mps. 

In  tte;  Saa  «r«a  aal  in  tti2  MB),  «oil<-rocfc  units  (st^il  oi^ts  l->3)  tx-it 
■HMQrs  Tmni  in  coifeiastion  ¥lth  sarfsce-xoek  t3rpM„  sad  soil  units  4-10 
sre  found  in  coafeiiict-lai  vith  soil  eoesistsacT  l^rpes.  Hence, 

eroend  ami Of  sn  designatesd  Iqr  <x!l3r  2  di^ts  (a?  4  di^ts  where  a  cca- 
plj««  is  asppad);  their  detefi nation  is  outlined  in  table  3*  vefta- 
tion  enalof  aap  (plate  12)  is  a  slift  aodlflcatiop  of  the  Tegetstion 
asp.  fbe  areas  sapped  with  vegetatioc  tmits  found  at  ftaai  are  ctm- 
sidered  to  be  hi^^ljr  anelogoas  to  their  Yum  counterpurts. 

44»  late  that  the  identity  of  the  Ttrinua  terxtdn-factor  sepping 
units  has  been  retained,  throuf  utilisation  of  their  noabers  or  nueber- 
letter  syabols,  on  the  three  analog  naps.  Thus,  far  exaeple,  when  a 
tract  within  a  world  desert  area  exhibits  two  out  of  four  gecnetiy- 
factor  neppisg  units  found  in  coebination  at  Hbm,  it  is  possible  to 
identify  the  units  coaeon  to  both  areas.  In  other  weirds,  the  units  that 
detexnins  the  degree  of  azialogy  can  be  identified. 

4^.  The  terrain-type  analog  sup  (plate  13)  was  conpiled  by  super- 
ii^sing  the  fsetor  eai»  and  identifying  Individual  temdn  types  by  a 
saries  of  seven  nuatbers  or  nueber-letter  syabols,  each  representing  a 
value  ranf  or  class  of  the  four  geoaetry  factors  (plan-pz-ofile,  slxpe 
occurrence,  slope,  and  relief),  two  grexxod  factors  (soil  f:ype-8oil  cen- 
sistency,  and  soil  type-surface  rock),  and  vegetation.  Ihe  terrain- 
type  arrays  in  the  ICD  were  coapared  with  the  nost  similar  terrain-type 
arrays  at  lian,  and  the  mapping  units  or  cc^onents  of  geoaeiv^y,  ground, 
and  vegetation  were  assigned  values  ranging  firca  0  to  4,  based  t^on  the 
naber  cf  napping  units  in  ccaaon  with  "Shma.  In  other  words,  i\reas 
delineated  on  the  terrain- type  analog  nxp  were  designated  by  tlu'ee  digits. 
The  nuBbers  indicate,  in  sec^ence,  the  number  of  identical  gecaetry, 
ground,  and  vegetation- factor  value  ranges  occurring  in  the  MED  texrain 
type  that  are  also  found  in  combination  at  Yuma.  For  exaq^tle,  the  se^des 
4,2,1  found  in  the  MED  indicates  that  all  seven  terrain- factor  classes 
characterising  an  area  in  the  K£D  are  found  in  combination  at  Yu&a.  The 
series  2,1,1  napped  in  the  indicates  that  two  of  the  four  geoeetry- 

faxrtor  classes,  one  of  the  two  ground- factor  classes,  and  the  /egetatlon 


class  are  fouad  at  Yu3ba«  Totaling  each  series  of  noabers  results  in  a 
value  ranging  0  to  7.  This  Ttagt  vas  then  divid«i  into  five  grmips 
hy  degree  of  analogy,  and  the  areas  e^biting  these  value  groupis^  vere 
outlined  on  the  aap.  Regions  vtesre  terrain-type  analog  va^’i^  resulted 
in  totals  6-7  vere  aappod  as  highly  analogous;  4-3.5,  aoder  itely  an^ogous; 
2-3.3,  sli^itly  analogous;  0.5-1.5,  Inappreciably  analogous;  and  0,  not 
analogous  (see  plate  13).  In  general,  hi^ily  analogous  acrid  desert  tracts 
exhibit,  or  closely  approziaBte,  coablnations  of  terrain-factor  sapping 
units  found  at  Ytasa,  and  the  degree  of  analogy  decreases  directly  as  the 
siailarity  to  a  coahination  of  aspping  units  found  at  Yuaa  decreases.  Al- 
thou^  the  identity  of  the  individual  terrain- factor  oappii^  units  has  not 
been  retained  on  the  coaposite  analog  aap,  identification  can  be  aade 
easily  throo^  ersalnstiwi  of  the  other  analog  ups. 

46.  It  should  be  aentioned  that  all  terrain  factors  vere  given 
equal  liqKirtance  in  the  analog  determinations.  Xo  serious  effort  vas  aade 
to  establish  a  aore  suitable  "vei^iting"  qrstea  because  of  the  difficulty 
Inherent  in  any  atteapt  to  determine  the  relative  inportance  of  any  terrain 

I  factor  fjroa  the  standpoint  of  (a)  geoaorphic  considerations  or  (b)  general 

or  unlvex’sal  ailitary  application.  Fhrtheraore,  for  reasons  of  siaplicity 
and  univo’sallty,  no  atte^it  bas  been  aade  to  differentiate  between  degrees 
of  analogy  within  specific  terrain  factosrs.  For  exasple,  xuaa  landsc^w 
type  4,4,3, 5  is  acre  analogous  to  landscape  4,^,3, 5  than  to  4,6,3»5>  hut  in 
the  laetbod  esployed  each  of  the  world  desert  areas  characterized  by  these 
landscapes  would  be  given  a  value  of  3»  i.c.  considered  to  be  Boderately 
analogous.  "Veighting"  systems  for  entire  terrain  factors  or  terrain- 
factor  mapping  units  can  be  devised  for  many  specific  considerations  and 
e:q>loyed  viKU  desired. 

47.  It  should  also  be  noted  that  analog  deterssinations  in  areas  of 
cccplexes  are  based  on  independent  consideration  of  specific  areal  or  gross- 
coeponent  types.  For  exaiqile,  a  region  ma;q>ed  as  an  areal  complex  consist¬ 
ing  of  tvo  landsciq>e  types,  one  highly  analogous  with  a  type  at  Yuma  and 
tl^  other  slightly  analogous,  would  be  sapped  as  an  areal  cce^lex  showing 
each  degree  of  analogy.  Thus,  in  the  pzesent  system,  the  analogy  in 
regions  of  areal  or  gross-coe^uient  complexes  is  based  on  each  landsciq;>e  or 
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toraia  tjpt«  Olrrloiitlx>  diffcrwt  Mtbods  could  Im  oUllMd  if  it  ifm 

amlngy  ef  tb«  eatlr«  «re*. 

48.  Die  t«Rmi»>‘^fptt  amlog  mi>  thos  dtlinaates  areM  posMssiz^ 
eoriUaietioiM  of  gMsttry,  grcoDi,  aad  ngetatlon  factors  that,  stses  cok- 
p«r«d  vith  ths  aost  siaiiar  coabiaation  at  luaat  asfaitit  the  ssae  degrM 
of  aalogjr.  Any  area  on  the  taxrain-tjnP^  analoc  aq*  ezdiihiticg  a  ]^urtic> 
alar  da^praa  of  analosy  (bl|b>  aoderata*  ate.)  aay  consist  of  either  a 
siagla  dbaractcrlstic  terrain  ^rpe  or  a  aoaale  of  several  chcracteristic 
terrain  types;  however,  ear^  type  aost  exhibit  the  saw  degree  of  analogy 
ehen  capered  vith  the  aost  similar  type  or  ^rpes  found  at  Yibw.  Utilize 
lag  areas  in  the  NED  as  evsaplee,  the  An  Nafttd  done  region  has  been  atnped 
as  a  single  terrain  type  and  the  ezstire  area  is  shown  as  aoderately 
analogoos  on  the  terrain-type  analog  aap  {plate  13).  In  contrast,  aOaost 
the  entire  Asir-Teaen  Highlands,^  ehich  is  napped  as  highly  analogous, 
consists  of  several  terrain  types,  each  of  which  is  highly  analogous. 

49.  Careful  ^vaal  nation  of  the  terrain-type  analog  twp  and  various 
terrain-factor  a^>s  a^hatlzet  sons  interesting  points.  First,  areas  cen- 
pceed  of  different  genetically  descrihed  landfoms  often  exzzibit  relatively 
high  degrees  of  analogy.  For  exaaq[>le,  playas  and  river-terrace  surfaces 
are  moderately  analogous.  If  the  classical,  qfaalitative,  and  genetically 
based  gecaorphic  descriptions  of  such  areas  were  eaployed,  this  sijsilarity 
iKiuld,  for  the  most  part,  he  igzxired.  Conversely,  it  is  also  ccaaon  to 
find  many  different  terrain  types  within  a  single  phy8i(^*aphlc  "vinit,” 
such  as  vx>lcanic8  or  dunes,  established  on  the  basis  of  q^nUltative  aetbods. 
Second,  su(di  examination  hints  at  the  almost  infinite  number  of  special- 
c(msidezati(m  or  -purpose  m^ps  which  can  be  prepared  utilizing  the  terrain- 
factor  and  analog  mi^s,  for  example  by  cceblning  certain  terrain-factor 

such  as  slope,  relief,  wed  soil  type.  Special  naps  showing  resulting 
CGcddnatioQs  and  their  distribution  can  be  easily  prepared.  Analog  b^s 
for  these  special  combinations  can  also  be  ccapiled.  Only  slight  oodifi- 
cation  of  existing  m^s  is  necessary  to  show  the  distribution  on  other 
world  desert  areas  of  Yuma  terrain  types,  landscape  types,  or  any  desired 
terrain- factor  ct^binations.  Conversely,  maps  showing  the  distribution  at 
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YUaa  of  terraii:  t^pes,  ImnAscspe  types,  etc.,  cchb^  In  other  vorld  desert 
ar^is  csn  he  easily  prepared. 

50.  Table  4  and  plates  1.0-12  of  this  report  and  other  desert  analog 
folios  provide  a  vealth  of  data  that  can  be  utilized  in  (a)  evaluating 
Yaae  as  a  test  station  for  specific  activities  or  overall  suitability  as  a 
testing  site,  and  (b)  locating  areas  that  say  be  sore  analogous  to  aggregate 
vorld  desert  ctsiditicas  than  Y^aa,  or  vhich,  when  considered  vith  Yusa, 
vill  cover  a  such  sore  representative  range  of  desert  terrain.  Althou^ 
table  k  deals  solely  vLth  landscape  types,  exad  nation  of  it  in  conjunction 
vith  plates  6-13  of  this  report  and  the  other  desert  analog  folios  vill 
izxlicate  (a)  lamlacape  and  terrain  types  found  in  other  worM  deserts  which 
do  not  occur  at  Yusa,  (b)  other  areas  that  can  siQ?ply  the  types  sissing  at 
Yuaa,  (c)  the  subareas  at  Yhsa  that  are  represeatative  of  conditions  found 
in  other  vorld  desert  areas,  and  (d)  '^le  subareas  at  Yuoa  that  are  ancoa- 
lous  f^on  the  standpoint  of  vorld  desert  conditions.  It  is,  of  course, 
also  possible  to  coiqMure  the  various  vorld  desert  areas  in  tens  of  their 
landscape  and  terrain  types,  and  their  distribution  or  relative  isportancc. 


^1.  Ihe  following  is  a  brief  analysis  of  the  techniq|iies  that  have 
been  eeployed  in  preparing  analogs  for  this  series  of  reports: 

a.  The  geometry,  ground,  acd  vegetation  factors  selected  for 

“  napping  define  terrain  in  slgple,  yet  reasonably  cceplete 

terns. 

b.  In  the  systen  of  sapping  used,  terrain  factors  in  all  vorld 
desert  areas  are  napped  utilizing  the  sane  units.  Kence, 
the  C0iQ>letiaD  of  all  reports  in  this  series  vill  afford, 
for  the  first  tis»,  a  ready  cccparlson  of  the  terrain  of 
all  the  deserts  of  the  Kisrthem  Healsi^ere. 

c.  Terrain  factors  at  the  Yiaaa  Rrovi^  Ground  Iwive  been  napped 
using  the  suae  units  usel  for  othei*  vorld  desert  areas,  thus 
peraitting  ready  coeparison  of  Yusa  vith  vorld  deserts. 

d.  Kappix^  generalizations  liave  been  areal,  and  the  degree  of 
refines&ent  has  varied  with  the  scale.  This  izplies  that 
an  area  at  Yusa  delii^ted  as  having  steep  slopes,  for 


25 


omaple,  Mjr  consict  of  ^  percent  or  acre  steep  slopes, 
‘aherees  In  scae  otl^  vorld  desert  erea,  steep  slopes  any 
ocoipy  <a}ly  30  percent  of  the  region  so  napped.  This  is 
coisidercd  ideal  in  establishing  "testing"  analogs  sii»:e 
tests  within  reatrictlTely  ai^^iad  units  at  Itna  would  be 
roresentative  of  typical  situations  within  a  sisilarly 
sapped,  but  acre  generalised,  world  desert  area. 

£.  Terrain  geoaetry  has  been  sapped  at  a  standard  topographic 
envel(^  (the  10-ft  contour  interval)  regardless  of  scale. 
In  sapping  gross  geoaetry  the  100-ft  contour  interval  has 
iMsen  utilized. 

f.  Terrain  geoaetry  has  been  reduced  to  four  sajor  factors. 
One,  the  plan>profile,  is  a  (pialitative  frasewarh,  the 
diaensions  of  which  are  indicated  by  three  quantitative 
factors:  slope  occurrence,  slope,  and  relief.  This  pro¬ 
vides  a  readily  assioilated  sental  isage  and  a  seoiquan- 
titative  classification  of  the  landscape.  The  systea  per- 
sits  sapping  of  sore  than  7000  sathemtically  possible 
Ihndscapes,  but  natural  selectivity  seects  to  have  lisited 
landscape  types  in  cost  desert  areas  to  about  100. 

g.  All  geoewitry,  ground,  and  vegetation  factors  are  synthe¬ 
sized  by  superposition  into  a  termin-type  analog  sap  which 
indicates  degrees  of  analogy  or  siiailarity  of  the  sapped 
world  desert  areas  to  the  Yuaa  Frc/ing  Ground.  Each  ter¬ 
rain  factor  has  been  given 'equal  weight  in  this  synthesis. 
"Wel^ting"  sygtens  can  be  devised  for  specific 
considfzrat  ions . 

h.  It  is  believed  that  the  analog  techniques,  with  nodifica- 
tioDs  and  additions,  will  be  eqiplicable  in  environsents 
other  than  the  desert. 


Probleas  and  Recoccendations  for  Solution 


52.  Three  of  the  cost  sericHis  probleas  in  connection  with  the  systea 
of  classification  and  napping  eaployed  in  this  report  concern:  (a)  the 
qualitativeness  of  the  ground  and  vegetation  factors,  (b)  the  overly  sub¬ 
jective  sethods  that  oust  be  used  in  napping  areas  for  which  little  data 
are  available,  and  (c)  the  difficulties  involved  in  integrating  nlcrorelief 
into  the  present  systea.  The  following  pai'agraphs  discuss  these  probleas 
and  offer  recoezaendations  for  steps  toward  their  solution. 
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(^6Btita.tiv«i  eIuslfic«tioo  of 
igcund  aad  veggtKti<m  f^cfeoyt 


It  lx  gtnmilly  «gr«e<i  that  quantitative  classifications  of  the 
gprcund  acd  vegetation  factors  vouLi  be  aost  desirable  and  that  studies  to 
qpiantify  these  aspects  of  terrain  idKxtld  be  intensified.  A  preliminary 
system  for  describing  acd  auytping  vegetation  in  an  alaw>st  entirely  quanti¬ 
tative  esinner  has  been  developed  and  is  presently  being  eiiqxloyed  in  ter¬ 
rain  research  lorograBS.^ 

A  troubleasae  aspect  of  the  variomt  attcaqpts  that  have  been  made 
thus  far  to  quantify  the  ground  and  vegetation  factors  is  that  sicdi  <franti- 
flcation  invariably  necesaitates  consideration  of  a  mltitude  of  quantita¬ 
tive  factors  to  txpxets  a  single  cce^site  factor  vhich  is  near  expressed 
qualitatively.  Althou^  this  aultiplication  of  factors  should  be  expected 
if  the  benefits  of  quantification  are  to  be  realized,  the  nusd}er  sust  be 
kept  vithin  reasonable  and  practical  limits  if  the  classification  is  to  be 
integrated  into  a  usable  systaa  that  fUlly  describes  terrain.  Othenrise 
the  researcher  is  soon  buried  under  a  profusion  of  syi^ls,  and  his  asps 
are  so  coeq>lex  tbat  they  beccaie  usftless.  It  is  reea^hasized  that  although 
the  quantitative  «q>proach  is  desirable,  it  say  still  he  vise  to  utilize 
seaiquantitative  or  qualitative  techniques  in  some  cases. 

Kapplng  techniques 

33-  Considerable  pro^^ss  has  been  made  in  preparing  a  set  of  rules 
or  instructions  for  truly  objective  napping  of  the  gecoetry  factors  in 
areas  Mpped  vlth  10-  or  20-ft  cootoura;  bcvsvsr,  these  Instructlcma 
need  refining  and  sisplifying.  Rigorous  techniques  should  also  be 
developed  for  taapping  the  ground  and  vegetation  factors. 

56.  A  regrettable  but  necessary  corollary  of  cuqpping  poorly  known 
regions  is  that  subjective  techniques  become  increasingly  isportant  as  the 
quantity  of  data  decreases.  The  need  for  guides  to  aid  the  analyst  In  sub¬ 
jective  n^ing  has  long  been  recognized,  and  such  valuable  Information 
exists  in  the  literature  vhich,  vhen  properly  osseabled,  could  be  used  to 
translate  raw  descriptive  data  into  the  classification  systea  utilized  in 
this  report.  The  effects  of  cUaate,  lithology,  and  elevation  on  soil 
type;  the  effects  of  soil  tyjKi  and  landforn  association  on  relief;  and  the 
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coDs«qaex»es  of  lithology  and  vegetative  cover  on  terrain  geczsetzy  in 
general  are  exaa^les  of  the  types  of  studies  that  sem  as  excellent 
guides  to  Bopping  in  poorly  known  areas  and  persait  a  scsaewhat  objective 
approach.  Arelisinary  studies  along  these  lines  were  Bade  preparatory 
to  napping  the  world  deserts  in  the  various  reports  of  this  series.  An 
exanple  of  this  work  is  the  chart  of  landfcns-geoaebry  factor  aussociations 
in  plate  19.  Bouever,  ouch  additional  work  is  needed  on  laethods  of  dis» 
ciplining  subjective  napping. 

97  Another  approach  to  establishing  guides,  particularly  for  iaip> 
ping  the  geoBMtry  of  poorly  known  regions,  is  throu^  detailed  study  of 
a  hierarchy  of  terrain  envelopes.  Prelicdnary  studies  Indicate  that 
valid  and  pertinent  inferences  can  be  nade  of  the  geometry  of  a  partictilar 
region  from  naps  with  scales  as  snail  as  1:1,000,000  and  a  900>ft  contour 
interval.  Seasonably  valid  relations  can  be  established,  for  exanple, 
between  slopes  neasured  directly  Aroe  such  a  nap,  slopes  neasurcd  frca 
1:290,000  naps  with  a  100>ft  contour  interval,  and  those  taeasured  Atgb  a 
1:29,000  nap  with  a  10>ft  contour  interval.  Detailed  studies  should  be 
coiiiucted  to  coopare  and  graph  the  various  quantitative  geometry  factors 
in  areas  covered  by  naps  esploylng  these  scales.  Relations  between  the 
hierarchy  of  envelopes  could  then  he  compared  in  all  the  areas  aliped  and 
hypotheses  developed  and  testttd  concerning  significant  vs^stions  in  these 
relations,  which  may  be  dependent  upon  lithology  and  clixukte. 

Suyface  roughness  (oicrorelief) 

9S.  Surface  roughness,  or  nicrorelief,  is  on  inportant  aspect  of 
terrain  geocaetry  that  was  not  integrated  per  se  with  the  description  of 
tenrain  presented  in  this  report  because  it  is  concerned  with  those  fea¬ 
tures  of  terrain  geotsetry  having  relief  of  less  than  10  ft.  It  is  rec<^- 
nized  that  aicrorelief  is  extreaely  ioportant;  however,  there  are  excellent 
reasons  for  disregarding  these  ninor  features  in  supping  the  terrain  fac¬ 
tors  prevlou*ily  discussed.  In  the  first  place,  a  reasonable  lower  lisait 
had  to  be  placed  on  the  scale  of  generalization.  Consideration  of  very 
Binor  features  would  have  hopelessly  cocplicated  the  systea.  Secondly, 
sdthougb  travelers'  {u:counts,  available  caps,  landfona  ties  and  associa¬ 
tions,  and  a  liberal  infusion  of  jud^aent  persit  reasonably  consistent 
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delineation  of  the  tenralu  as  generated  by  the  10>ft  c(»}toaF  interval, 
delineation  of  alcrorelief  vithin  the  vast  tnicharted  areas  of  sa»s  of  the 
world  deserts  consideTed  voold  result  in  tuo^ssive  subjectivity.  F^srther* 
Bare,  areas  of  i»ogeneous  sicrorelief,  i.e.  areas  throoghoat  ^'diich  a 
si]%le  Bicrorelief  feature  prevails,  are  normally  of  snail  extent  and  thus 
could  not  he  shown  at  the  scales  of  one  to  several  bUHcsi  used  in  por« 
ticms  of  this  sUuly. 

5$.  Major  difficulties  in  csicrorelief  consideration  lie  not  only  in 
its  classification,  hut  also  in  developing  a  reasonably  Objective  ai>proacb 
to  aapping  this  factor  and  fitting  it  into  the  schesK  of  overall  terrain 
analogy.  A  possible  solution  is  to  accept  the  fact  that  our  present 
knowledge  of  the  variations  in  Klcrorellef  is  too  United  for  reasonably 
accurate  classification  and  napping  of  this  factor,  and  to  search  for  a 
oethod  of  improving  estiiMites  of  Bicrorelief  considersUons  in  unaapped 
areas.  At  present,  such  estlsates  oust  be  based  on  landf£sne>lithologic> 
soils  associations.  The  such-less-qualitative  terrain-classification 
schexse  represented  by  the  geonetry,  ground,  and  vegetation  factors  utilized 
in  this  study  consequently  provides  a  aore  adequate  base  for  detailed 
studies  of  Bicrorelief.  For  exHq>le,  a  lL,h,lb,2  landsc^)e  type  with  a 
unit  6  soil  type,  unit  10  soil  consistency,  and  a  2~k  vegetation  complex 
can  be  exastned  either  in  the  field  or  on  detailed,  large-scale  asps  if 
available.  It  seess  alaost  inevitable  that  distinctive  groups  of  Bicro¬ 
relief  features  will  be  associated  with  such  distinctive  terrain-factor 
coabinations.  Groups  of  Bicrorelief  types  could  be  catalc^ed  as  charac¬ 
teristic  of  various  terrain- factor  combinations  end  used  as  a  basis  of 
analogy.  Deter&ination  of  these  associated  nlcrarellef  types  would,  of 
course,  involve  a  detailed  and  long-range  sapping  porogr^.  ^lort  of  this, 
the  existeiwre  or  lack  of  terrain  types  (specific  costblnations  of  geossetry, 
ground,  and  vegetation  factors)  and,  by  inference,  their  associated  aicro- 
rellef  gr<n2ps  is  the  best  Indication  of  the  degree  to  which  Yusa  does  or 
does  not  cospare  with  other  world  deserts  ftroa  the  sti  'point  of  sicro- 
relief.  Ckmveniently,  the  degree  of  analogy  as  deterain^  in  the  terrain- 
type  analog  sap  (plate  13}  aut<x3atically  considers  this  relation.  For 
these  reasons  no  attempt  was  ssde  in  the  present  stiaiy  either  to  sap 
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«iercr«iief  ce  to  dttc«La«  its  mftoet  on  the  tcrrsin>tjpe  ssslos  mp*  It 
is  iNd^nrsi  tiuct  sanstbssis  of  tfes  iptsvDi,  eeoMtry,  and  vs^tstion  factors 
dstoaiiims  ib*  cffset  of  aiaKvslisf  on  ovarall  terrain  analoor  as  veil  as 
it  can  iresasttly  d^tcndnad. 

60.  IRsile  the  shoreHMsttioaod  terrain  tjrpa-aicrorelief  associatloi 
ifw  ad«pate  to  indicate  the  presence,  lack,  and  distribution  of  kLcto- 
relief  ^pes  at  Ibaa  and  in  world  deserts,  it  is  certainly  not  aieqfoate 
for  deteanKlaiag  the  effect  of  aicrareHef  on  various  allitary  activities 
or  ■ateriel  in  tests  at  ftaa.  A  <|aantitative  systea  of  describii^,  das- 
sifyinc,  aeppix^,  aai  coi^arine  sdcrorelief  is  needed  in  this  case,  ai^ 
studies  have  been'  and  are  presently  (1966)  being  conducted  in  this  vein 
to  produce  an  accapteble  SMthod  to  portray  these  features. 
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oaltt  1,2,3)  alMt/t  fOoM  In  confoloation  vitli  surface-rock  types,  and  noli  units 
^,5,6,7,d,9,lC>  Art  almys  fcsml  in  cceblcation  vltb  soll-ctmstst«sey  types. 

**  Ll^stface  typo  vcdlestes  tbs  units  found  in  the  closest  correspondtrg  array  at  tea. 
%ut«  tboKs  in  hoidfeoe  type  are  cot  found  at  l^ssa  in  eanhinatioa  with  the  lassalali^ 
units  of  the  array. 

t  At  tea  surface  rock  wtnit  ^  (sedlscstarlec  ondirferezstiated)  Includes  units  6,7,8,? 
(scndstooe,  Uasstoos,  shale,  and  eraporites,  respectlrely),  and  in  the  KEZ)  unit  i 
(i^yaecus  undifferestiated)  includes  units  2,3a,3&  (intrusives,  true  extrusires,  ^ 
rocks  foraed  by  ceooniary  ceaeutatioa  of  loose  deposits  of  volcanic  ejecta,  respec- 
tively),  therefore,  where  those  units  are  capped  In  the  iGS,  they  are  dcal^nated  by 
li{htfa»  tynbols. 

tt  In  a  parti  juuar  array  it  cay  be  possible  w  choc-se  ilff erect  sets  of  Itgbtfase  or 
boldface  units  U  inlicaVe  the  eartsMa  dagree  if  analogy.  !n  ^ch  Instances  mutt 
are  coByared  ir.  the  crder  giver,  la  the  array,  «.g.  the  KED  array  >,1C  was  oaspaj^ 
with  the  T«a  array  5,1  rather  than  b.lC. 
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1.  Sbe  follGWlcg  cooaents  os  the  phiIosos)hy»  purpose,  asd  problesEs 
associatad  vlth  terrals  tsaXysis  and  ccesparisca  are  based,  to  a  cossider> 
able  extent,  tm  saterlal  inoladed  is  Technical  Heport  3-306.^^ 

OiaatitatiYfc  Versus  (^aalitatiye  Approach 

8.  Terrain  studies  ax3d  classificatioss  say  be  either  ^^oalitative 
or  q^iastitative.  The  <gialttntive  approach  to  geccori^c  descripti(»  cos> 
sists  primarily  of  vritten  descripticms  of  terrain  and  landfoxss 
extensively  with  the  genesis  of  various  lasdfazss  and  surfaces.  The 
approach  depends  alsaost  entirely  cxi  the  skill  of  the  analyst,  both  as  an 
analyst  and  as  A  'saster  of  descriptive  prose.  Such  terrain  description 
can  be  vivid  and  penetrati:^,  conveying  to  the  reader  a  clear  aental  izaage 
of  the  landscape.  Alternatively,  dependii^  on  the  skills  or  backgrounds 
of  both  the  analyst  and  reader,  it  can  be  poor  and  aisleading.  In  any 
esse,  it  is  patently  unsuited  for  objectively  casparii^  one  lazsisuq>e  vitb 
another. 

3-  As  previously  sentionod,  terrain  nay  be  considered  to  be  the 
aggregate  of  the  physical  characteristics  of  the  land.  A  quantitative  ter> 
rain  description  is  slsqply  oi»  that  uses  nuaerlcal  values  rather  than  words 
to  def.aie  terrain  or  its  cceponent  factcurs.  It  is  usually  less  vivid  than 
the  q[ualitative  (Qjproacb,  but  has  obvious  advantages  in  its  objectivity 
and  in  the  fact  that  terrain  factors  and  ';hcir  subdivisions  can  be  rigor¬ 
ously  defined.  A  aore  subtle  but  even  greater  advantage  is  that  terrai.> 
factors  vhich  are  stratified  in  a  quantitative  saiuier  E:ay  be  sanipulated 
catbesaticaily  so  that  the  effects  of  irailvidual  terrain  factors,  or  of 
factors  acting  in  concert,  can  be  deter&ineu.  Drainage  densities,  for 
example,  can  be  ezqpressed  in  terns  of  the  ratio  of  the  sun  of  channel 
Lengths  to  V  .a  drainage  basin  area.  The  product  of  drainage  density  sjai 
relief,  in  turn,  is  a  prtqposed  censure  of  basin  naggedness .  In  cost 

*  Baised  raicbers  refer  to  correspon,lirgly  nuabered  iteas  in  Selected 
Bibliograjhy  at  end  of  pain  text. 


instaacts  saeh  qgaastltatlT*  ssrstau  baire  evolved  teem  stadias  aiaed  ^ 
detemlniQg  (e)  texnia  effects  in  specific  fields  ^ch  ss  bydrology  sad 
•frleultare>  sad  (b)  e  Mtbod  for  describi&g  a  single  terrain  factor  such 
as  slope  or  relief.  As  a  remit,  quantitatively  expressed  fsetors  useful 
in  presenting  an  agoregate  or  entire  picture  of  t^raln  l»ve  z»t  been 
explored  to  say  great  extent.  It  should  also  be  pointed  out  that  quali^ 
tatlve  teres  ere  usually  expressions  of  a  group  of  factors  that  could  be 
eiqpressed  in  a  aore  ^paititative  and  precise  tsanner;  however,  precision  is 
usually  gained  at  the  price  of  slnpliclty.  Vhile  the  qfuantitative  approach 
is  not  propounded  as  a  agic  cure-all,  and  vhile  adsittedly  it  say  be  vise, 
or  nacesaary,  to  utilise  qualitative  techniques  in  wany  cases,  quantitative 
■etbods  aurt  be  favored  in  abjective  terrain  classification,  and  in  In- 
vestlgatioos  of  the  effects  of  terrain  on  adJLltary  activities. 

A.  fbe  techniques  on  vhlch  the  ICD  study  vae  based  foUov  a  Biddle 
c<xirae  batween  the  qualitative  and  quantitative  approaches.  It  vas  rec¬ 
ognised  that  a  quantitative  q^proach  ves  Ideally  suited  for  terrain  analog 
or  coaparisco  purpoaea,  and  every  atte^pt  vas  aade  to  quantify.  Vhere 
atteapts  at  quantifying  terrain  factors  resulted  in  overcoeplexlty ,  how¬ 
ever,  n  qualitative  systea  vas  eiqployed.  Soils,  for  exasple,  are  ex¬ 
pressed  In  standaid  qualitative  terss,  i.e.  silt,  clay,  sand,  etc., 
rather  than  in  quantitative  tezt&s  such  as  sedlan  grain  diasetur,  cohesive 
strength,  etc.  It  vas  also  apparent  that  the  quantitative  approach  had 
t^retofore  been  applied  to  mall  hceaogeneous  areas  for  vhich  large  aaounts 
of  terrain  data  vere  available  or  obtainable.  The  scarcity  of  such  data 
for  larger  areas  precluded  the  utilisation  of  strictly  quantitative  systeas 
for  describing  and  napping  various  terrain  factors.  Consequently,  a  niddle 
course  between  the  quantitative  6u>i  qualitative  approaches  vas  the  only  one 
consistent  with  the  goal  of  deteraining,  with  available  data,  the  suit¬ 
ability  of  the  Yuaa  area  as  a  desert  test  site. 

Terrain  Factors  Versus  Terrain  Effects 

5.  Terrain  factors  and  terrain  effects  vere  considered  for  utilisa¬ 
tion  as  a  base  in  establishing  a  unifons  systes  of  describing,  classifying, 


Eapplcg,  and  cce^ptrizig  terrain.  One  grates  vsuld  involve  the  sapping  of 
ranges  of  selected  terrain  factors,  such  os  slope,  relief,  soils,  etc., 
azxl  ccqparii^  areas  so  aapped.  Ibe  other  systes  vould  involve  the  describe- 
ing  and  sapping  of  areas  in  texss  of  the  effect  of  terrain  factors  on  such 
Bdlitary  consideraticms  as  cross*country  aoveaent,  weapons  «^>lo^sent, 
earth  ccnstructi<m,  radio  ccaagctni cations ,  and  cover  and  ca^acealsest. 

6.  Frelinsinary  studies  c<mvincingly  showed  that  ocssparison  of  ter> 
rain  based  on  its  effects  on  military  activities  is  ij^practical  eucsept  for 
specific  usage.  Entirely  different  terrain  types,  or  associations  of  ter¬ 
rain  factors,  aay  have  the  sane  total  Igpaet  on  a  iMurticulMr  nilitary 
activity.  Conversely,  the  sane  terrain  type  will  have  different  effects 
on  different  cilltary  activities.  Thus,  before  classifying  terrain  in 
tesss  of  "go"  or  "no  go"  for  trafficability  consideraticns,  "good,"  "fair," 
or  “poor"  for  chances  of  survival,  etc.,  an  orderly  classification  of  basic 
terrain  elesents  or  factors  which  create  tiiese  ccnditions  should  be  iwde. 
Analyzing  and  recccbining  data  incorporated  in  such  effect  classifications 
for  actual  terrain  coeparison  would  be  a  hopeless  task.  It  follows  that 
tests  aiaed  at  deteraining  terrain  effects  should  be  conducted  in  areas 
where  ipiantitative  aeasureasnts  are  available  for  basic  factors  coagurising 
the  terrain.  ^:pirical  deteralnations  of  the  is^tact  of  a  qualitatively 

or  subjectively  described  terrain  type  on  a  particular  activity  do  not 
provide  data  that  can  be  objectively  transferred  or  utilized  in  other 
regions. 

7.  A  sceaevhat  intertaedlate  appiroach  to  terrain  evaluation  vtsuld  be 
to  cap  aisd  coegxire  values  of  terrain  factors  that  are  critical  to  specific 
nilitary  considerations.  However,  it  soon  becccses  apparent  that  zx>  systca 
of  classification  can  hope  to  satisfy  the  requireaents  of  aji  cililtary 
activities.  Several  considerations  that  nilitate  against  the  schece  of 
classifying  and  cccgiaring  areas  in  teres  of  critical  values  of  various  ter¬ 
rain  factors  are: 

a.  Single  terrain  factors  do  not  necessarily  have  independent 
critical  values,  e.g.  the  critical  slope  value  for  a  given 
vehicle  varies  directly  with  the  soil  strength  of  the  slope 
surface. 


b.  Critical  valat*  cf  a  «LiPea  terrain  factor  aa^  wry  gr^tly 
**  aith  Tiriout  ailitary  activities,  e«g.  the  density  of  vege- 

tatioa  aben  conslderad  in  zaXaticm  to  foot  jacrenest  as 
•gainst  ccaaBnication.  In  addititm,  vmriaticns  any 

occur  vithin  a  g^Mral  class  of  aateriel,  e.g.  critical  slope 
valnas  are  different  for  different  yi^cles. 

c.  Criti^UL  Talues  are  not  3;resently  knevn  tor  aany  activities 
and  itaas  of  mteriel. 

d.  Critical  values  are  not  constant,  tut  chsnge  vith  technolog> 
icsl  advances. 

8.  It  vms  therefore  concluded  that  a  system  should  be  developed  for 
classiiyix^  basic  terrain  factors  or  elements  so  that  areas  could  be  napped 
aJJd  cci^>ared  in  caamsi  terms.  Althcu^  available  data  on  ti^  rdlitary 
significance  of  terrain  are  an  ijq>ortant  consideration,  they  have  not  been 
unduly  ce^ibasized  in  the  system  developed  for  classifying,  napping,  and 
ccaparLng  terrain  factors,  ^his  approach  is  consistent  with  the  imedlate 
purpose  of  fimishlng  responsible  sgeiicies  involved  in  testing  vith  fac> 
tual  evidence  on  whether  terrain  ccaiditions  it  the  Yioaa  Proving  Ground  are 
widespread  or  Halted  throughtcut  world  desercs,  and  whicther  significant 
terrain  types  found  in  other  world  deserts  are  present  or  lacking  at  Yu=a. 


Scales  ani  Rroblens  of  Generalization 


9.  Cartographic  pi^>bleas,  aval  lability  of  data,  and  other  consid¬ 
erations  deaand  that  inforcation  on  large-scale  saps  be  generalized  in 
order  that  it  can  be  shown  on  ssall-scale  n^s.  The  existence  a^ui  need 
for  such  generalization  in  capping  are  well  known  and  universally  accepted. 
For  exasiple,  the  Castle  Doce  Mount ain.s  at  Yuza  capped  at  a  scale  of 
l:i«00,000  contain  areas  of  "gentle,"  "noderate,"  "declivitous,’’  and  "steep" 
characteristic  slopes  with  "steep"  slopes  predoeinating.  At  a  scale  of 
i;2, 500,00c  thesf*  countains  can  be  shewn  os  having  only  "steep"  character¬ 
istic  slopes,  fiailar  gei^rolizations  could  oe  cited  in  other  world 
decert  areas. 

10.  Gej«raiizatioa  of  the  lusa  and  world  de-ert  taps  incorporated 
this  and  other  reports  priiiarily  reflects  a  variation  in  the  spatia’ 


distribution  cr  density  I>attem  of  established  area  units  vhicb  have  teen 
defiled  in  terss  of  narrcv  ranges  of  specific  pro^^srties.  definition, 
the  s^stm  dictates  that  if  an  area  at  Yuna  exhibits  a  certain  ccsdkination 
of  terrain  factors,  ggre  than  50  percent  of  a  si&iXarly  sj^ped  tract  in  a 
vorld  desert  area  vill  also  possess  this  cceblnation  of  factor.  Areas 
napped  as  silty  soil  at  Yuna  and  in  vorld  deserts  are  characterized  an 
areal  predeed  nance  of  silty  soils,  but  because  of  tte  scale  difference  the 
percentage  of  surface  covered  by  silty  soil  within  the  area  so  sapped  at 
Ym^  is  typically  greater  than  that  of  the  area  so  sapped  in  world  deserts. 
The  izportant  point  is  that  silty  soil  in  a.*eas  so  supped  is  areally  pre*- 
dccinant.  At  Ylcsa  this  predcainance  night  be  on  the  order  of  90  percent, 
and  in  world  deserts,  only  70  percent.  In  other  words,  the  degree  of  gen- 
eralizatica  uqployed  in  sapping  Vuna  is  considerably  less  tten  that  used 
in  sapping  vorld  deserts. 

11.  In  this  connection,  it  should  be  esphasized  that  since  the 
objective  is  to  detersixse  the  sxiitability  of  Yusa  as  a  test  station,  sore 
detailed  capping  of  the  Yusa  area  is  required  than  of  the  world  deserts 
with  which  it  is  being  cccparcd.  It  Is  important  to  know  that  &s» 
possesses  a  fairly  cccplete  range  of  slopes,  vegetative  types,  etc.,  even 
if  these  ranges  of  terrain  factors  cover  only  very  lirlced  areas.  Con¬ 
versely,  terrain- factor  cappi.ng  in  the  world  deser'ts  can  justifiably  be 
areally  generalized,  as  this  will  indicate  the  cost  characteristic  or  aodal 
condition  existing  within  the  area  being  lyipped.  Consequently,  a  vehicle 
tested  at  Yuca  on  a  certai.T  soil  of  a  certain  consistency  on  a  cezt^aln 
slope  is  being  tested  against  a  siciilar  cenbi-nation  of  terrain  factors  that 
is  characteristically  or  arealiy  predesdnant  in  a  region  so  laapped  in  a 
particular  world  desert. 

12.  In  sumary,  an  attespt  has  been  cade  to  establiso  a  core  de¬ 
scriptive,  useful,  end  siiqjie  systea  cf  devoloping  terxndn  analogs  iduch 
will  be  consistent  with  the  paucity  cf  data>  ccncemirjg  the  vast  area*  being 
sia{.ped.  In  this  systea  of  tentdr.  c-oeparison,  an  effort  has  aj.se  been  cade 
to  steer  a  clddle-of-the-road  course  between  (a)  qualitative  a’d  quantita¬ 
tive  approaches  tc  terrain  iescripticr.  (t^  ratural  ard  ailitary  -Jigrifi- 
car.^e,  ml  (c)  a^isj. lability  lata  ar».l  a  reas^ nabl^,-  ccj.cte  iefluition 


of  teT£^c.  It  is  believed  ths^  this  coarse  is  the  oal^  practical  one  in 
viev  of  our  present  knowledge  of  the  relative  significance  of  terrain 
factors  in  div^se  edlitaxy  consideratloiis.  It  is  also  heliev^  that  as 
this  kiK»rli»ige  expands  tl^  developed  analog  systae  vill  be  flexible  enou^ 
to  acc'Kawsdate  edditional  data. 


j 

i 


ttoaUsslfiirf 


i 

I 


liteaea!^  CUsciSc^wc 


SOCUMiliT  CONrm  0AT&  >  U4> 

<Tt<iK.*Ti  «#  <E»ay  of  ^|narw<<fBj— rfnearf  twmiamm  ■3»<*  —  cirinX  wM*  —  omgtft  **  <twtnii»o 


I  aais»*?Mi6  flctwmrr  tatoxi 

U.  3.  Azcy  Sqgtneer  V&t«Ti(ssr$  Sxperiiaect.  St^tica 
Tiduburg,  {ti^isEiPFi 


I*  MrwKsVT  e  k«t«<»<c«r(c 

UcclAselfled 


N* 


£  SEPOftT  Tirvs 

AMjU^  Gi  V3XA  YESSHiIS  IM  fHS  KmDI£  E&SS  £0513? 


«  sueaamvt  i»OTX2  rr>9»  cf  «pH<  «ai<  ammj 

Beport  <»,  lb  2  voLs:  vol  I,  text;  voi  £1,  pljetea 


Eolb,  Charles  B. 
ikJTcbu&cb,  tftnisa  K. ,  Jr. 


•  MrroKTaiTs 

Jans  1966 


i»  net*!.  K«  •»  rt*M 

brol  1,  55j  «>1  n,  31 


••  cOBsaACt  oa  »aMt  m 
»  aaiwcet  m  L-V-^5001-A-131 


YS  M»  cr  acr* 

98 


Sa  ManATsar*  ataoai  awMSCJ^ 


fecbnlc&I  Report  So.  y6}0 


(a  AMaataeoT  aorSi  MaaaAa>a 


IS  *v«a.ssa4Tv/UMtTsr>ow«onces 

and  each  transnittol  to  foreign  goverra 
with  prior  opprOTol  of  U.  8.  Aj*y  Ea®ii 

nt  is  eubjecl  to  special  edqpodrt  controls 
aents  car  forelga  natlocals  ssoy  be  Bade  oody 
ifter  Watervxfrs  Experiment  Statlca. 

n  u»m.uaat««v  o^Tts 

_ 

IS  seeBSOMss  muTsav  setMTv 

U.  S.  Koteriel  CoesHUd 

tfashii^tca,  0.  C. 

It  awtxact  yq  the  adecftecy  of  tbe  Tssm  Frcrfiag  Groond  as  a  test  site  rep¬ 

resentative  of  warU  desert  ocoditioos,  tbe  extent  of  occorrence  of  Tcb»  terrain 
types  lo  tbe  Kiddle  East  desert  (iCB)  and  ott«r  vorld  desert  areas  cost  be  deter- 
oiced.  la  order  to  eoEe  valid  cenpori stats,  a  ociftHnt  systea  of  describing,  sap¬ 
ping,  sal  ccEcparlcg  desert  cerroin  mst  be  esplnyed.  In  this  report,  both  the  TbssA 
and  HES  are  sopped  in  terns  of  geasrol  or  aggregate  terrain,  g^craetry,  groond, 
aid  vegetation  factors.  General  terrain  factors  include  physiography,  bypsenetry, 
aid  lazdfevs.- surface  conlitlocts.  Geosetry  and  grooni  fortoirs  are  characteristic 
plan-jarcfile,  occorrence  of  slopes  greater  than  90  percent,  choranteristie  al^«, 
characteristic  relief,  soil  type,  soil  ccftsist«x;y,  and  ty^  of  sorface  rock. 
Terrain- factor  data  are  synthesiaed  to  establish  the  degr^  of  analogy  of  a 
particolar  iSH  area  vith  selected  portlcxts  of  the  Kzta  I^rovli^  (^roassd.  Grouid 
ani  vegetatico  asolcg  sops  were  prepared  in  slnilar  fashion.  A  terrain-type 
analog  sop  is  prepared  1^  seperinpcaieg  the  ^oaetry,  ground,  and  vegetatice 
anolcg  sops  and  stratifying  the  resoltii^  conbl nations .  Rli^ly  snolcgms 
tracts  exhibit  cr  closely  opproxinate  coabinotiGca  of  terrain- factor  ositi 

foun*  at  tana,  and  tbe  degree  of  analogy  decreases  directly  as  tbe  sindlealty  to 
such  cu^instlcns  decreases.  Tbe  tecbnl^es  osed  to  prepartog  these  mpa  persdt 
co:»parieo&  of  terrain  in  areas  sapped  at  different  scales  as  veil  as  in  exAM 
at  slnilor  scales,  enabling  for  the  first  tine  coa^iarlsos  of  all  the 
deserts  of  the  Serthem  fi^sphere. 
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«»  CSnO^UtTUSto  ItmarT  aV^KTIKKl  &*«  tto  r4& 

trot  rto«t  ttsetoo  to  rtort  tto  tofwtwM  mil  to  titttdit* 
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